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Introduction 


Recent  work  on  sodium  metabolism  in  adrenal  insuf- 
ficiency, disturbed  acid-base  equilibrium,  and  forced 
loss  of  fluids  (57,58)  has  changed  the  status  of  the  deter- 
mination of  sodium  in  biological  fluids  from  a test  rarely 
done  in  the  clinical  laboratory  to  one  that  is  rapidly  be- 
coming necessary  in  the  armamentarium  of  the  average 
clinical  laboratory  technician.  Although  cases  have  been 
reported  in  which  twenty-five  percent  or  more  of  the 
sodium  of  the  body  has  been  lost  (59),  the  body  generally 
maintains  homeostasis  with  respect  to  sodium  to  such  an 
extent  that  deviations  in  the  sodium  content  of  body  fluids 
of  four  percent  from  the  mean  normal  figure  may  be  pre- 
sumed to  be  indicative  of  a beginning  pathological  process 
(36).  Thus,  to  be  of  any  value,  a method  of  determination 
of  sodium  must  be  accurate  to  one  percent.  This  contri- 
bution represents  an  attempt  to  develop  a method,  with  a 
maximum  error  of  one  percent,  which  shall  be  simple  enough 
to  be  performed  in  routine  clinical  laboratories. 
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Review  of  Literature 

Methods  not  employing  uranyl  triple  salts 
The  classical  method  for  the  determination  of  sodium 
requires  the  removal  of  all  ions  hut  sodium  and  potassium, 
the  precipitation  of  sodium  and  potassium  as  chlorides,  the 

separation  of  potassium  as  chloropl atinate  or  perchlorate, 
and  the  calculation  of  sodium  by  difference  (94%  McLean 
and  Van  Slyke  (62),  in  1915,  devised  a method  for  titration 
of  chloride  by  adding  an  excess  of  silver  nitrate  and  titrating 
the  excess  with  potassium  iodide.  McCrudden  and  Sargent  (61) 
applied  this  titration  to  the  determination  of  sodium;  by 
precipitating  both  sodium  and  potassium  as  chlorides  and  de- 
termining the  chloride  content  of  the  weighed  precipitate, 
they  calculated  the  percentage  of  sodium  in  the  precipitate. 
These  authors  pointed  out  that  any  error  in  technic  is  magni- 
fied in  calculation. 

Fenton  (23  f n 1898,  proposed  a method  for  the  deter- 
mination of  sodium,  based  on  the  insolubility  of  the  sodium 
salt  of  dihydroxytartaric  acid  in  cold  water.  This  method 
has  not  been  used  to  any  great  extent. 

Ball  ( 5 ) introduced  a gravimetric  method  precipitating 
sodium  as  the  complex  bismuth  caesium  nitrite  having  the  com- 
position 9CsN02  SNaNOo  5>  BMNOg)^.  This  method  was  modified 
and  improved  by  Doisy  and  Bell  (22),  who  determined  the  nitrite 
content  of  the  precipitate  volumetrically  and  colorimetrically. 
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Kramer  (47)  precipitated  sodium  as  the  pyro antimonate 
NagHgSbgOy,  6H2O  in  alcoholic  medium,  and  weighed  the  pre- 
cipitate. This  gravimetric  method  was  used  by  Kramer  and 
Tisdall  in  several  studies  {so,)  of  sodium  in  biological 
fluids.  In  1924  Balint  ( 3 ) and,  independently,  Kramer  and 
Gittleman  (48)  adapted  the  pyro antimonate  precipitation  to 
a volumetric  procedure  by  adding  potassium  iodide  to  the 
dissolved  precipitate  and  titrating  the  liberated  iodine. 

The  method  was  refined  by  Kerr  (42.)  and  by  Rourke  (79),  who 
removed  protein  from  the  serum  or  plasma  before  adding  the 
pyro antimonate  reagent.  This  iodometric  method  has  been 
applied  to  milk  by  Sato  and  Murata  (84)  • Lewin  (53)  dis- 
solved the  precipitated  pyro antimonate  in  HCl,  reduced  the 

of 

antimony  with  sodium  sulfite,  boiled  off  the  excess ' sulfur 
dioxide,  and  titrated  with  standard  bromate  solution.  A 
colorimetric  method,  based  on  the  measurement  of  the  orange 
color  of  antimony  tri sulfide  obtained  from  the  pyro antimonate 
precipitate,  was  devised  by  Yoshimatsu  (98)* 

Stoddard  (89)  precipitated  out  the  alkaline  earths, 
electrolyzed  the  remaining  solution  in  two  connected  tubes  of 
mercury,  dissolved  the  sodium  and  potassium  out  of  the  re- 
sulting cathode  amalgam,  and  titrated  with  standard  acid. 

The  value  of  potassium,  determined  by  the  method  of  Piske 
and  Litarczek  (29),  when  subtracted  from  the  value  of  sodium 

plus  potassium  obtained  from  the  titration,  gave  the  figure 
for  sodium. 
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Brown  and  Shohl  ( 10  ) determined  total  base  in  blood 
by  the  method  of  Stadie  and  Ross  (38);  then  by  quantita- 
tion of  other  cations,  they  obtained  a figure  for  sodium 
plus  potassium, 

Thomson  and  Lee  ( 91  ) adapted  spectrographic  analysis, 
as  developed  by  Russanov(8Q ) , Jaisen,  Keyes,  and  Richter 
(38),  and  Puffendack,  Wolfe,  and  Smith(  23  ) , to  biological 
fluids, 

Prinsen-Geerlings  ( 76  ) in  1957  published  an  article 
on  the  determination  of  serum  sodium  by  the  polarograph,  an 
instrument  which  registers  current  voltage  lines  automati- 
cally; no  figures  were  reported  in  the  paper,  so  no  evalua- 
tion of  the  method  is  possible. 

Methods  employing  uranyl  triple  salts 

Since  1686,  when  Streng  ( 90)  isolated  and  identified 
a triple  acetate  of  uranium,  magnesium,  and  sodium,  a 
series  of  similar  uranyl- sodium- divalent  metal  acetates  has 
been  prepared.  They  possess  the  common  characteristics  of 
easy  solubility  in  water  and  sparing  solubility  in  alcohol. 
Kolthoff  (45)  prepared  the  zinc  salt  (UO^)  5ZnNa(  GH^COO ) 9 . 
6H2O  and  used  its  formation  as  a qualitative  test  for  sodium 
Galey  (13)  prepared  the  corresponding  cobalt  salt  and  used 
cobalt  uranyl  acetate  as  a qualitative  test  for  sodium. 

The  eleventh  United  States  Pharmacopoeia  (7 3)  also  has 
adopted  this  test.  Feldstein  and  Ward  (2.7)  used  nickel 
uranyl  acetate  as  a qualitative  reagent  for  sodium.  Chang 
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and  Tseng  (18)  have  used  the  manganous  salt  in  quantitative 
determinations.  There  is  concurrence  among  the  users  of 
these  triple  salts  that  the  cobalt,  manganese,  zinc,  and 
nickel  salts  are  isomorphic,  having  the  formula  (U02)5  Na- 

( CH3COO) 9 .6H2O,  where  K*+  represents  the  divalent  metal. 
There  is  strong  disagreement  over  the  composition  of  the 
magnesium  salt.  Streng  ( 90)  and  Blanchetiere  (9  ) stated  its 
composition  as  (U02)3MgNa(CH5C00)g.9H20;  Caley  and  Poulk  (17) 
assigned  6.5  molecules  of  water  of  crystallization  to  it; 
Nydahl  (66),  Kahane  (40),  and  Raszeja(  77*  78  ) 8 molecules 
of  water;  and  Miholic  (63),  Barber  and  Koltnoff  (6),  and 
Alten,  Wieland,  and  Hille  (2),  6 molecules. 

After  one  of  the  triple  salts  has  been  separated  from 
the  solution,  the  quantitation  may  proceed  gravimetrically, 
volumetrically,  or  colorimetrically. 

All  gravimetric  methods  involve  the  washing,  drying,  and 
weighing  of  the  isolated  triple  salt.  The  precipitate  is 
washed  first  with  alcohol  (6)  or  glacial  acetic  acid  (82) 
saturated  with  the  triple  salt,  then  with  ether.  The  mangan- 
ese and  zinc  salts  may  be  dried  in  air,  without  the  use  of 
desiccators  or  ovens.  The  uncertainty  of  composition  of  the 
magnesium  salt  makes  it  necessary  for  each  person  using  it  to 
adhere  to  his  own  set  of  standard  conditions  for  maintaining 
constant  composition  of  the  precipitates. 

The  gravimetric  method  using  the  magnesium  triple  salt, 
as  developed  by  streng  (90),  Miholic  (63),  Blanchetiere  (9), 


Caley  and  Foulk  ( Jf ) , Kahane  (40),  and  Kolger  (44),  has 
been  found  inaccurate  by  Kling  and  Lassieur  (43)  and  by 
Barber  and  Kolthoff  (6).  Caley  (16)  has  improved  the 
method  and  limited  the  errors  to  about  4 1.5  percent. 

Barber  and  Kolthoff  ( 6 ) developed  a gravimetric  method 
based  on  the  weighing  of  the  zinc  triple  salt,  and  demonstra- 
ted the  stability  of  composition  and  ease  of  washing  and 
drying  of  the  precipitate.  Later  ( 7 ) they  showed  that  the 
chief  interfering  substances  are  potassium,  phosphate,  and 
arsenate.  Butler  and  Tuthill  (12.)  applied  the  method  to 
biological  fluids  and  obtained  excellent  results  after  de- 
struction of  proteins.  Jendrassik  and  Dziobek  (39)  adapted 
the  method  to  the  analysis  of  minute  quantities  of  biological 
fluids  by  use  of  a sensitive  torsion  balance. 

Chang  and  Tseng  (18)  found  that  uranyl  manganese  acetate 
is  as  satisfactory  a reagent  for  the  gravimetric  determina- 
tion of  sodium  as  is  uranyl  zinc  acetate. 

The  first  volumetric  determination  of  sodium  based  on 
triple  salt  separation  was  devised  in  1950  by  Caley  (15),  who 
dissolved  the  precipitate  of  uranyl  magnesium  sodium  acetate 
and  titrated  the  uranium  with  a standard  phosphate  solution 
till  paper  impregnated  with  potassium  ferrocyanide  showed  no 
red  color  when  dipped  in  the  titration  mixture.  Rusznyak 
and  Hatz  (81)  devised  a similar  procedure  for  the  zinc 
triple  salt.  They  added  an  excess  of  phosphate  to  precipi- 
tate the  zinc  and  the  uranium  and  titrated  the  excess  phos- 
phate with  standard  uranyl  acetate  solution. 
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In  the  volumetric  method  of  Dobbins  and  Byrd  (21)  an 

excess  of  sodium  hydroxide  is  added,  converting  the  uranium 
and  zinc  in  the  zinc  triple  salt  to  the  amphoteric  hydroxides 
according  to  the  equations 

1.  3U02+++  Zn**+  Wa+4-9GH5COO”  4 8Na+  4 80E" 4 

3U02( OH)  2 + Zn(OH)  2 + 9Na+49CH  5C00* 

2.  3U02(0H)2  4 Zn(0F)2  + 8 Na*4  80H'  4 

8Na++  3U04r +-  Zn02=4  8H20  . 

Rv  titrating  the  excess  sodium  hydroxide  with  standard  acid 
to  a phenolphthalein  end  point,  reaction  2 is  entirely  in- 
hibited and  a stoichiometric  relationship  exists  between 
the  amount  of  sodium  hydroxide  consumed  and  the  amount  of 
triple  salt  present,  Sassier  (83)  used  this  method  for  the 
determination  of  sodium  in  urine,  Weinbach  (96),  in  applying 
the  method  to  biological  fluids,  titrated  the  zinc  and  ura- 
nium directly  with  sodium  hydroxide  to  a phenolphthalein  end 
point. 

It  has  long  been  known  that  uranyl  compounds  can  be 
reduced  from  the  hexavalent  to  the  tri-and  tetravalent 
states  in  acid  solution,  and  that  any  trivalent  uranium  can 
be  oxidized  to  the  tetravalent  state  by  aeration  (52),  This 
reaction  was  applied  to  the  zinc  triple  salt  by  Gall  and 
Heinig  (31),  who  reduced  with  electrolytic  cadmium,  aerated, 
and  titrated  the  tetravalent  uranium  with  permanganate, 

Chen  (19)  used  a similar  procedure.  Furman,  Caley,  and 
Schoonover  (30)  precipitated  sodium  as  the  magnesium  triple 
salt,  reduced  the  uranium  by  passing  the  acid  solution 


. 

-I  + 

. . 

- 

. 

. 


« 

• . 

. 


through  a Jones  reductor,  aerated,  added  an  excess  of  ceric 
sulfate,  and  back-titrated  with  ferrous  sulfate.  Kahane  (40) 
precipitated  the  magnesium  salt,  dissolved  in  acid,  reduced 
with  aluminum,  and  titrated  directly  with  permanganate. 

Kano  (41  ) introduced  the  use  of  amalgams  as  reducing 
agents  for  uranium  determination.  Someya  (87)  used  bismuth 
amalgam  for  the  determination  of  uranium.  He  worked  out  a 
method  for  sodium  determination  in  which  he  precipitated  with 
uranyl  magnesium  acetate,  dissolved  the  precipitate  in  acid, 
reduced  with  bismuth  amalgam,  aerated,  and  titrated  with 
potassium  dichromate.  Kolthoff  and  Lingane  (46)  used  a simi- 
lar method,  employing  the  zinc  triple  salt,  zinc  amalgam,  and 
di chromate.  Raszeja  ( 7 8 ) precipitated  the  sodium  of  blood 
as  the  magnesium  triple  salt,  reduced  with  zinc  amalgam,  and 
titrated  with  permanganate.  Ball  and  Sadusk  (4  ) used  the 
Kolthoff  and  Lingane  method  for  determining  blood  sodium,  and 
Holmes  and  Kirk  (37)  used  cadmium  amalgam  as  the  reductant 
and  ceric  sulfate  as  the  oxidant. 

Volumetric  procedures  have  also  been  worked  out  for  the 
determination  of  zinc  in  zinc  uranyl  sodium  acetate  (51)  and 
for  acetate  in  magnesium  uranyl  sodium  acetate  (24). 

The  first  reliable  colorimetric  test  for  the  detection 
of  uranyl  compounds  was  published  by  Bruttini  ( 1Z ) in  1893. 

It  depends  on  the  formation  of  a reddish  brown  uranyl  potas- 
sium ferrocyanide  when  potassium  ferrocyanide  is  added  to  an 
acid  solution  of  a uranyl  salt.  In  1927,  after  the  application 
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of  the  uranyl  magnesium  acetate  reagent  to  the  determination 
of  sodium  by  Blanchetiere  (9),  Barren acheen  and  Messiner  (8  ) 
developed  a colorimetric  method  for  the  determination  of  blood 
sodium  based  on  the  formation  of  the  ferrocyanide  of  the 
uranium  in  the  magnesium  triple  salt.  Poulsson  (74)  and. 
Tissier  and  Benard  (93)  used  similar  methods.  McCance  and 
Shipp  (60)  used  the  ferrocyanide  color  from  the  zinc  triple 
salt  as  a measure  of  blood  sodium.  Their  method  was  adapted 
to  other  biological  fluids  by  Salit  (82),  Alten  and  Wieland 
( 1 ) , Marenzi  and  Gerschmann  (55,  58)  Malyarov  and  Yudenich 
(54),  and  oberst  (67)* 

Caley  and  Foulk  (17),  at  the  outset  of  their  work  with 
uranyl  magnesium  sodium  acetate,  appreciated  the  possibility 
of  measuring  the  intensity  of  the  yellow  color  of  solutions  of 
the  salt  as  a quantitative  procedure.  Hoffman  and  Osgood  (56), 
using  uranyl  zinc  sodium  acetate,  measured  the  light  absorption 
in  a photoelectric  colorimeter  (Q5)  after  stabilizing  the 
color  with  ammonium  thiocyanate. 

% 

Muller  (65),  in  1919, di scovered  that  sodium  salts  of 
alpha-hydroxy  and  alpha-keto  acids  and  of  aromatic  hydroxy 
carboxylic  acids  give  yellow  or  red  colors  with  uranyl  salts 
in  the  absence  of  free  mineral  acid.  Elias  (25)  developed  a 
colorimetric  micromethod  for  determining  sodium  by  dissolving 
the  precipitate  of  magnesium  uranyl  sodium  acetate  and  develop- 
ing the  color  with  sodium  salicylate. 

Das  Gupta  (20)  found  that  phenolic  acids  generally  give 


fci 

. 

(*>  t 

. 

. 


colors  with  uranyl  salts  and  that  sodium  acetate  intensifies 
the  colors.  He  recommended  gallic  and  tannic  acids  as  colori- 
metric reagents  for  uranium. 

Ogden  (68)  used  cochineal  as  an  external  indicator  for 
excessive  uranium  in  the  titration  of  phosphate  with  uranyl 
acetate.  Germut.h  and  Mitchell  (32)  propose  sodium  alizarin 
sulfonate  as  a color  reagent  for  uranium. 

Woelfel  (97)  has  recently  devised  a colorimetric  method 
for  the  determination  of  sodium,  based  on  precipitation  with 
uranyl  manganese  acetate,  oxidation  of  the  manganese  to  per- 
manganate, and  measuring  the  color. 
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Experimental 

Choice  of  Method 

Since  the  introduction  of  the  photoelectric  colorimeter 
into  biochemical  laboratories  (26,85),  the  speed  and  ease  of 
operation  of  the  instrument  and  the  minimum  of  subjective 
errors  entailed  in  its  use  have  made  the  photoelectric  measure- 
ment of  color  very  popular.  The  simplification  of  any  method 
of  analysis  without  the  sacrifice  of  accuracy  is  the  goal  of 
all  analysts.  By  a simple  survey  of  the  limits  of  accuracy  of 
the  Evelyn  (26)  photoelectric  colorimeter,  it  can  be  shown 
that  the  error  involved  in  the  use  of  the  instrument  can  be 
held  to  .75$. 

Getman  and  Daniel s (33)  state  Beer’s  law  as  follows: 

-k'lc 

I = I0e 

where 

I0  is  the  intensity  of  light  striking  the  absorbing 
medium, 

I is  the  intensity  of  light  after  having  passed  through 
a depth  1 of  the  medium, 

c is  the  concentration  of  the  absorbing  medium, 
e is  the  base  of  natural  logarithms,  and 
k’  is  a constant  characteristic  of  the  absorbing 
material  and  of  the  wave  length  of  the  light  passing  through. 

In  the  Evelyn  colorimeter  the  measurements  of  absorption 
are  always  made  through  standard  tubes,  so  that  1 is  likewise 
constant.  The  tube  containing  the  colored  material  is  placed 
between  a lamp  and  a photocell,  so  that  the  transmitted  light 
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falls  on  the  photocell.  The  cell  is  connected  to  a galvano- 
meter, the  scale  of  which  is  graduated  into  one  hundred 
equal  parts;  the  maximum  error  of  reading  is  one  quarter  of 
a scale  division.  Before  making  the  determination,  the 
galvanometer  is  adjusted  to  read  100  when  a tube  containing 
pure  solvent  (reaction  mixture  minus  the  substance  to  be 
determined;  that  is,  zero  concentration  of  the  colored  sub- 
stance) is  placed  between  the  lamp  and  the  photocell.  Then, 
when  the  tube  containing  the  colored  substance  is  placed 
between  the  lamp  and  the  cell,  the  light  transmitted,  as 
measured  in  percentage  of  that  transmitted  by  the  blank 
tube,  is  given  directly  by  the  galvanometer  reading.  The 
transmission  of  the  sample  solution,  defined  as  the  ratio 
of  the  light  transmitted  by  the  sample  to  that  transmitted 
by  the  blank,  is  given  by  the  expression 


in  which  T is  the  transmission  and  G is  the  galvanometer  read- 
ing of  the  sample  solution. 

Since  the  concentration  of  colored  substance  in  the 
blank  tube  is  zero,  then  by  Beer’s  law  the  intensity  of 

light  transmitted  by  the  blank  tube 

-k’O 


Since  e°  = 1, 
lb  — 1q • 

Now  considering  the  intensity  of  light  transmitted  by  the 
, _ -k  ' 1 c 

sample, Ix  * iQe  . _ _ . „ 


. 

. 

. 

. 

. 

, 


- 

. 


s 

15 


The  ratio  of  light  transmitted  by  sample  and  blank 

-k  * 1 c -k  ’ 1 c 
T = I_£  s IpQ  s © 

lb  Io 

And  since  T r G 

tus  ’ 

-k’lc 
G s e • 

TTTO 

Passing  to  common  logarithms, 

log  G - log  100  s-k’  1 c log  e . 

Since  k',  1,  and  log  e are  constants,  they  can  be  combined 

to  form  a new  constant  K, 

Then  log  G - log  100  = -Kc 

or  log  100-log  G s Kc 

or  c r 2-log  G 
K 

L,  the  density  defined  as  (2-log  G) , is  tabulated 
against  G for  different  readings  of  G,  and  c is  calculated 
from  the  formula, 

L s c . 

K 

K is  determined  for  any  colored  substance  which  follows 
Beer's  law  by  calculating  values  of  L for  a series  of  ob- 
served G values  and  plotting  the  values  of  L against  the 
corresponding  known  values  of  c, 

of 

The  calculations  in  Table  1 show  the  percent  age/ error 
due  to  inaccuracy  in  reading  of  one  quarter  scale  division 
at  different  points  on  the  scale  when  aliquot  samples  are 
varied  so  that  the  reading  corresponds  in  every  case  to  a 
constant  concentration  of  chromogen  in  the  original  material. 
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Table 1 

Percentage  error  involved  in  inaccuracy  of  readiig  galvanometer 


G Lq 

( galganometer  2-log 
reading) 

r G+t 

G 

LG+4 

AL  b 

LG-LGti 

% Error  = 

ALxl00 

LG  .... 

1.00 

2.00000 

1.25 

1.91309 

.08691 

4.346 

10.00 

1.00000 

10.25 

.98928 

.01072 

1.072 

12.00 

.92082 

12.25 

.91186 

.00896 

.985 

20.00 

.69897 

20.25 

.69357 

.00540 

.744 

25.00 

.60206 

25.25 

.59774 

.00432 

.718 

50.00 

.52288 

30.25 

.51927 

.00361 

.691 

35.00 

.45593 

35.25 

.45284 

.00309 

.678 

38.00 

.42022 

38.25 

.41737 

.00285 

.678 

40.00 

.39794 

40.25 

.39523 

.00271 

.682 

45.00 

.34679 

45.25 

.34438 

.00241 

.694 

50.00 

.30103 

50.25 

.29886 

.00217 

.722 

60.00 

.22185 

60.25 

.22004 

.00181 

.816 

70.00 

.15490 

70.25 

.15335 

.00155 

1.001 

80.00 

.09691 

80.25 

.09555 

.00136 

1.405 

90.00 

.04576 

90.25 

.04455 

.00121 

2.644 

99.00 

.00436 

99.25 

.00327 

.00109 

24.96 
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It  can  be  seen  that  the  error  is  at  a minimum  of  about  .7 % 
when  the  galvanometer  reads  between  25  and  50,  and  that  the 
error  is  less  than  1%  when  the  galvanometer  reads  between  12 
and  60. 


If  G is  the  correct  galvanometer  reading  for  a concentra- 
tion c of  chromogen  in  the  sample,  and  Lq  -2-log  G,  then 
L&/ c = K for  that  chromogen.  If  an  error  of  one  quarter 
scale  division  is  made  in  reading  the  galvanometer,  then 
is  the  erratic  galvanometer  re-ding,  Lr ^j_  is  the  corresponding 


density,  and 


jG+>¥ 


= c’  the  erratic  value  for  the  concentration 


of  chromogen  obtained.  The  percentage  of  error  caused  by 

an  erroneous  galvanometer  reading  amounting  to  one  quarter 

scale  division  is  % error— c-c  'xlOO 

c 


:{VK)  WKjh 100 


Lg  /K  w , 

LG  -LG4^  )/K} 


x 100 


, Lo  /K 

(-0  ” ) X ■ 

= ~ 

x 100 . 
lg 

These  calculations  show  that  the  errors  of  the  colori- 
meter are  independent  of  the  value  of  K;  that  is,  regardless 
of  the  size  of  the  proportionality  constant  between  the  logar- 
ithm of  the  galvanometer  reading  and  the  absolute  value  of  the 

concentration  of  chromogen  in  the  sample, the  accuracy  of  the 
reading  can  be  held  constant  by  diluting  or  concentrating  the 
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sample,  provided  that  the  color  follows  Beer’s  law.  Thus,  if 
the  color  developed  by  a certain  reagent  from  the  sodium  in 
1.0  cc.  of  blood  gives  a galvanometer  reading  of  1,  the  per- 
centage of  error  would  be  4.35.  By  using  0.5  cc.  of  blood,  or 
by  using  twice  the  volume  to  contain  the  color  from  1.0  cc., 
the  reading  obtained  would  be  10,  and  the  percentage  of  error 
only  1.07. 

It  also  follows  that  from  the  point  of  view  of  the  colori- 
metry, there  is  no  choice  between  two  colors  which  follow 
Beer’s  law.  Practically,  of  course,  the  choice  must  be  limited 
to  a color  which  gives  accurate  readings  (near  the  middle  of 
the  galvanometer  scale)  with  a conveniently  sized  sample  or 
a conveniently  and  accurately  obtainable  aliquot  portion  of  it. 

In  order  to  obtain  results  of  the  accuracy  indicated  in 
table  1,  it  is  necessary  that  the  colorimetric  tubes  be  rigor- 
ously standardized.  The  tubes  used  in  these  experiments  were 
standardized  with  filter  440,  first  by  selecting  tubes  which 
gave  identical  readings  when  filled  with  distilled  water,  then 
by  further  selecting  those  tubes  which  gave  identical  readings 
when  filled  with  a standard  solution  of  the  colored  substance 
to  be  used  in  further  experiments. 

The  methods  so  far  proposed  for  the  determination  of 
sodium  may  be  classified  into  six  groups  as  follows: 

1.  Methods  requiring  multiple  determinations,  such 
as  the  methods  of  McCrudden  and  Sargent  (61),  Sttddard  ( 98), 
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Brown  and  Shohl  (10),  and  Prinsen-Geerlings  (75). 


2.  The  dihydroxytartaric  acid  method  of  Fenton  (28). 

3.  Spectrographic  methods,  as  those  of  Thomson  and  Lee 
(91)  and  Jansen,  Heyes,  and  Richter  (38). 

4.  Methods  using  bismutn  caesium  nitrite  (5,22). 

5.  Pyroantimonate  methods,  as  those  of  Kramer  (47), 

Kramer  and  Gittleman  (48),  and  Lewin  (53). 

6.  Uranium  methods,  as  those  of  Blanchetiere  (9),  Barber 
and  Kolthoff  (6),  and  Woelfel  (97). 

For  routine  clinical  use  multiple  gravimetric  analyses 
are  too  tedious.  Fenton’s  (28)  method  was  gravimetric.  Since 
the  spectrograph  is  not  a commonly  used  instrument  in  clinical 
laboratories,  a spec trographic  method  would  have  limited 
application.  Doisy  and  Bell  (22)  in  their  development  of  the 
bismuth  caesium  nitrite  method  vere  unsuccessful  in  their 
efforts  to  stabilize  the  reagents.  As  a volumetric  procedure, 
Bourse's  (79)  modification  of  the  Kramer  and  Gittleman  (48) 
pyroantimonate  metnod  seems  above  reproach.  But  the  in- 
stability of  arsenious  3ulfide  30I3  (63)  rai3e3  a serious 
objection  to  the  colorimetric  pyroantimonate  procedure  of 
Yoshimatsu  (98).  The  search  for  a colorimetric  procedure  for 
the  determination  of  sodium  is  almost  necessarily  limited  to 
the  uranium  triple  salts. 

With  one  exception,  the  colorimetric  methods  v/hich  have 
been  developed  for  the  determination  of  sodium  by  triple 
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acetate  precipitation  have  depended  on  the  measurement  of 
the  color  of  some  compound  of  uranium.  Woelfel  (97)  pre- 
cipitated sodium  as  the  uranyl  manganese  acetate,  oxidized 
the  manganese  to  permanganate,  and  measured  its  color.  The 
presence  of  large  quantities  of  organic  matter  in  biological 
fluids  and  the  ease  of  reduction  of  permanganate  would  seem 
to  constitute  an  objection  to  the  application  of  Woelfel’s 
method  to  biological  fluids,  unless  great  precautions  v/ere 
taken  to  destroy  all  organic  matter. 

There  is  no  reason  for  believing  that  a color  reaction 
which  works  with  the  uranium  in  one  of  the  triple  acetate 
salts  would  not  work  equally  well  with  that  in  any  of  the 
others.  The  choice  of  precipitant,  therefore,  was  made  on 
tbe  basis  of  other  properties  of  the  individual  triple 
salts.  Caley  (13)  found  that  the  cobalt  salt  is  not  suit- 
able as  a quantitative  reagent  for  sodium  because  it  does 
not  give  complete  precipitation.  Its  suitability  as  a 
qualitative  reagent  depends  on  its  lack  of  sensitivity  to 
potassium.  No  results  have  been  published  on  the  use  of 
nickel  uranyl  acetate  as  a quantitative  reagent  for  sodium, 
and  it  was  not  studied  here.  The  use  of  uranyl  manganese 
acetate  as  the  precipitant  in  a colorimetric  method  in 
which  the  color  of  a uranyl  compound  was  measured  would  entail 
the  complete  supression  of  color  of  the  highly  colored  man- 
ganese compounds.  Large  errors  have  been  found  in  the 
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gravimetric  determination  of  sodium  as  the  magnesium  uranyl 
acetate  by  Kling  and  L-assieur  (43)  and  by  Barber  and  Kolthoff 
(6).  Even  Caley  and  Foulk  (17),  who  have  been  the  sole 
users  of  the  magnesium  triple  salt  in  this  country,  admitted 
that  the  corresponding  zinc  salt  gives  better  results  with 
amounts  of  sodium  less  than  8 milligrams. 

An  examination  of  the  literature  on  uranyl  zinc  acetate 
as  a sodium  reagent  showed  many  advantages  in  its  favor. 

In  concentrated  solution  it  quantitatively  precipitates 
sodium  as  (1102)3  ZnNa(  CH^COO)  y . 6H2O  provided  either  that  the 
reagent  is  first  saturated  with  the  sodium  salt  ( 6 ) or  that 
the  solubility  of  the  sodium  salt  in  the  reagent  is  decreased 
by  adding  alcohol  to  the  reagent (8  ).  The  sodium  compound, 
the  composition  of  which  does  not  vary,  can  be  separated  from 
the  excess  of  reagent  easily  ( 6 ) . It  is  freely  soluble  in 
water.  On  the  basis  of  these  considerations  uranyl  zinc 
acetate  was  chosen  as  the  precipitant. 

Of  the  various  color  reactions  of  the  uranyl  ion  out- 
lined above,  those  with  alizarin  and  cochineal  were  given 
little  attention.  The  use  of  such  colors  would  involve  two 
major  difficulties;  first,  the  standardization  of  the  cochineal 
or  alizarin  solutions,  and  second,  the  rigid  control  of 
acidity  to  prevent  shifting  of  color  characteristics  of  the 
excess°/clye  present  in  solution.  Such  difficulties  represent 
unnecessary  complications  in  a routine  procedure. 


. 


. . 

. 

. 

. 

. 

. 

1 1 « - < 


. 


The  color  of  the  triple  salt  itself  has  "been  studied 
by  Hoffman  and  Osgood  (36),  who  found  that  it  is  very  un- 
stable to  heat  and  acidity.  As  they  pointed  out,  the  color 
can  be  stabilized  by  dissolving  the  triple  salt  in  tenth- 
normal  ammonium  thiocyanate  instead  of  in  water.  But 
ammonium  thiocyanate  is  unstable  in  tenth-normal  solution, 
and  the  use  of  this  method  entails  the  frequent  standardiza- 
tion of  the  solvent. 

The  red  color  of  uranyl  ferrocyanide  has  been  measured 
in  the  visual  colorimeter  in  the  methods  of  Barrens cheen  and 
Messiner  (8),  Poulsson  (74),  McCance  and  Shipp  (60),  and 
Salit  (82.),  As  a preliminary  step  in  the  adaptation  of  this 
method  to  the  photoelectric  colorimeter,  the  absorption  of 
light  by  the  red  compound  was  determined  spectrophotometri- 
cally*-.  As  shown  by  chart  1,  the  maximum  absorption  occurs 
somewhere  in  the  ultraviolet  spectrum.  Measurement  of  light 
absorption  by  this  substance  in  the  Evelyn  colorimeter  is  open 
to  two  objections:  first,  the  colorimeter  is  not  equipped  to 
measure  ultraviolet  absorption,  and  by  using  this  instrument 
one  would  measure  the  absorption  of  light  which  is  not 
absorbed  specifically  by  the  compound;  second,  the  blank  is 
colored  and  also  shows  maximum  absorption  in  the  visible  spec- 
trum at  420  millimlcra*  Consequently,  the  ferrocyanide  method 
was  discarded* 

■x-Qu an t i tative  measurements  of  light  absorption  (Charts  1,2,  and 

3)  were  made  on  the  recording  spectrophotometer  at  the  Color 
Measurement  Laboratory  of  the  Massachusetts  Institute  of 
Technology. 
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Chart  /, 


L icjht  absorbed  by  compound  of  triple  salt 
with  potassium  ferrocyanide 
ABSORPTION  (percent) 


TRANSMISSION  (percent) 


500  600 

WAVE  LENGTH  (mi  Hi  mi  crons) 


Preliminary  studies  of  a series  of  phenolic  and  sulf- 
hydryl  compounds  as  colorimetric  reagents  for  uranium  showed 
that  thioglyeollic  acid  gives  an  intense  red  color  with 
uranium.  Unfortunately,  it  has  a lingering,  mephitic  odor 
which  discouraged  further  use.  Tannic  and  gallic  acids  show- 
ed a strong  tendency  to  form  precipitates.  Snell  and  Snell 
(86)  have  already  mentioned  this  difficulty*  Sodium 
salicylate  and  sulfosalicylic  acid  showed  many  advantages  as 
colorimetric  reagents.  Both  are  very  soluble  in  water,  and 
both  give  colorless  solutions  when  no  uranium  is  present* 
Sulfosalicylic  acid  is  a common  reagent  in  clinical  labora- 
tories, and  sodium  salicylate  in  inexpensive  enough  to 
become  one.  The  intensity  of  color  formed  by  either  reagent 
from  the  triple  salt  precipitated  from  .1  or  .2  cc.  of  serum 
is  such  that  the  solution  can  be  diluted  to  lOOcc.  to  obtain 
galvanometer  readings  which  fall  in  the  most  accurate  part 
of  the  scale.  Both  colors  follow  Beer’s  law  sufficiently 
well  to  allow  application  of  the  law  over  limited  ranges  of 
concentration*  Neither  color  changed  appreciably  in  inten- 
sity during  three  hours*  The  color  with  sodium  salicylate 
showed  a marked  sensitivity  to  acetic  acid  and  to  sodium 
acetate*  Sodium  acetate  is  necessary  for  the  development  of 
color  by  sulfosalicylic  acid.  Spectrophotometri c examination 
of  the  two  colors  ( see  Charts  2 and  3)  showed  that  each  has 
a narrow  absorption  band  in  the  visible  spectrum.  With  sodium 


Jfi  ! 0.  X'"-  V ' 

, 

. 

. 

. 

. 

. 

- 

. I 

. 

. • 

. 

. 

. 

. 

. f.  ’ / 


Chart  2,  tight  absorbed  by  compound  of  triple  salt 


With  sodium  SQiicy/a  te 


ABSORPTION  (percent) 


TRANSmtSSfO/l  (percept) 


WA\f£L£NGTH  (millimicrons') 


Chart  3.  Light  absorbed  by  compound  of  triple  soft 
with  Sulfosalicy/lc  acid  and  sodium  acetate 
ABSORpnON  (percent) 


TRA/tSMi  SSiON(percent) 


0 


WAVE  LE NO  EH  ( millimicrons) 


£ 


salicylate  the  maximum  occurs  at  465  millimicrons,  with  sulfo- 
salicylic  acid  and  sodium  acetate,  at  455  millimicrons.  Since 
the  salicylate  color  is  so  sensitive  to  acetates;  since  the 
absorption  band  of  the  sulf osalicylic  acid  color  is  more  pro- 
nounced; and  since  it  coincides  more  closely  with  a standard 
filter  of  the  Evelyn  colorimeter  (maximum  transmission,  440 
millimicrons;  ranfte  of  transmission,  410-475  millimicrons), 
sulf osalicylic  acid  was  chosen  as  the  reagent  for  color  de- 
velopment. 

Development  of  method 

In  order  to  be  able  to  estimate  the  errors  in  any  par- 
ticular step  of  the  final  method,  the  calibration  curves  for 
the  color  and  the  experiments  in  the  development  of  the  method 
were  carried  out  on  the  basis  of  a standard  solution  prepared 
from  uranyl  acetate,  zinc  acetate,  and  sodium  acetate,  rather 
than  on  the  basis  of  the  triple  salt  precipitated  from  a stan- 
dard solution  of  sodium  chloride.  The  primary  standard  was 
prepared  by  dissolving  in  500  cc.  of  water;  9.1308  gm.  of 
uranyl  acetare  (Merck's  "Reagent"  U0p( CH^COO) g.  2HgO,  lot  33008, 
assay  100.0%;  1.5745  gm.  of  zinc  acetate  (Merck's  "Reagent’' 

Zn( CHgCOO) g.SHgO ; and  0.9763  gm.  of  sodium  acetate  (Merck's 
"Reagent"  NaCH^COO.  3H20).  This  is  equivalent  to  a solution 
containing  22.0706  gm.  of  (U0g ) 3ZnNa( CH3COO ) g . 6HgO  per  liter; 
1.0  cc.  contains  0.330  gms.  of  sodium. 

This  artificial  standard  solution  was  chosen  in  pre- 
ference to  a standard  solution  of  a weighed  quantity  of 
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crystallized  uranyl  zinc  sodium  acetate  for  the  following  rea- 
sons. 1.  The  preparation  of  the  triple  salt  by  the  method 
of  Hoffman  and  Osgood  (36)  is  wasteful  of  reagent,  requiring 
a waste  of  uranium  of  over  three  times  the  weight  of  that  re- 
covered in  the  triple  salt.  2.  The  method  of  McCance  and 
Shipp  (60)  is  less  wasteful,  yielding  about  42$  recovery,  but 
a pure  product  could  not  be  prepared  by  this  method  due  to 
the  reduction  of  uranium  by  the  large  amount  of  alcohol  pres- 
ent. * **-  A yellow  precipitate  was  obtained,  giving  a color  with 
sulfosalicylic  acid  2,2$  less  intense  than  that  of  an  equal 
concentration  of  the  synthetic  standard  described  above. 

In  the  standardization  of  the  color  obtained  from  the 
triple  salt  with  sulfosalicylic  acid,  two  standard  solutions 
were  prepared  and  were  diluted  1:20  with  water.  Varying 
amounts  of  these  solutions  were  added  to  100  cc.  volumetric 
flasks  and  diluted  to  about  70  cc.  with  distilled  water.  Then 
were  added  in  order  *#  4 cc.  of  5$  sulfosalicylic  acid,  4 cc. 
of  10$  sodium  acetate,  and  water  to  make  100  cc.  The  flasks 
were  shaken  and  about  15  cc.  of  the  contents  transferred  to 
Evelyn  colorimeter  tubes  previously  rinsed  with  the  solution. 
The  tubes  were  read  in  the  colorimeter  with  filter  440  m/*-  and 
the  values  of  K calculated  from  the  known  concentrations  of  so- 
dium present  and  the  observed  galvanometer  readings.  The 

* Lattimer  and  Hildebrand  (52.)  mention  this  ease  of  reduction 
of  uranyl  salts  by  alcohol. 

**  Snell  and  Snell  (86)  state  that  a more  intense  color  is 
obtained,  by  adding  the  phenolic  acid  before  the  sodium  ace- 
tate. 
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first  four  columns  of  tables  2 and  3 indicate  the  results 
of  these  experiments,  and  chart  4 shows  the  values  of  L 
plotted  against  the  concentration  of  sodium  in  the  sample. 
These  tables  indicate  that  the  variations  in  the  galvanometer 
readings  for  any  particular  concentration  of  sodium  did  not 
vary  by  more  than  one  quarter  of  a scale  division.  By  cal- 
culating Al/l  as  in  table  1,  it  can  be  shown  that  the  only 
instance  in  which  this  difference  amounted  to  more  than  one 
percent  was  at  the  concentration  of  .132  mgms  per  lOOcc., 

where  the  percentage  difference  is  .1163  - .1149  x 100,  or 

TI163 

1.2$. 

Column  5 of  tables  2 and  3 and  chart  4 show  that  Beer*s 
law  does  not  apply  exactly  throughout  the  range  of  concentra- 
tions investigated,  instead  of  constant  values  of  K in  the 
tables  and  a straight-line  plot  of  L against  C in  chart  4, 
the  values  of  K show  a constant  downward  trend  with  increas- 
ing concentration  of  color.  The  cause  of  this  decrement  of 
color  Intensity  with  increasing  concentration  was  not  investi- 
gated. 

The  decrease  of  K with  increasing  values  of  L was 
studied  'for  the  two  standard  solutions  in  the  manner  indica- 
ted by  tables  4 and  5 and  charts  5 and  6.  Values  of  K,  as 
calculated  from  the  equation 

K r L/C 

were  plotted  against  the  corresponding  values  of  L.  The 
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Chart  4*  Conformity  rv/lh  Seer's  Saw  of  color 
With  Suites  a h'cyJic  acid  and  sodium  acetate 
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C * mMi y ran is  of  sodium  /n  /OQcc,  of  colored  solution 
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Table  2 


Calibration  of  galvanometer 

o/6 

cc.  soln. 

Cone,  of  Na 
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er  age 

calc 
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Table  2 


( cont. ) 


Calibration  of  galvanometer 


cc.  soln. 

Cone,  of  Na 

Corrected 

L 

K 

Aver- 

K 

o/ o 

diluted 
to  lOOcc. 

52 
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meter 

reading 
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Table  3 


Reproducibility  of  color 


cc. soln. 

Na 

G 

L K 

K value 

of 

% 

diluted 

mgm/lOOcc. 

independently 

dif- 

to  lOOcc. 

prepared  solu- 

ference 

tion 

of 

K 

v al  ue  s 

from 

Obs. 

Calc. 

Obs 

. Calc 

0 By 

extrapol ation 

.895 

( ave.) 

.889 

f 

762 

.1163.881 

.872 

+ .6 

+ 1.0 
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.132 
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* 1 
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+1.0 
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Table  3 (oont.) 
Reproducibility  of  color 
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Chart  &.  I/a  nation  of  density  __  w/rf?  density . 
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i/a ri at  ion  of  dens/  ty  witf)  density. 
Con  cen  t rat /on 
Second  so/u  t ion 
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equations  for  the  values  of  K as  functions  of  L were  calcu- 
lated for  the  two  solutions  by  the  method  of  least  squares 
(70),  and  the  lines  corresponding  to  the  derived  equations 
were  drawn  in.  As  shown  by  the  lines  drawn  in  at  values  of 
K one  percent  greater  or  less  than  those  calculated,  these 
equations  represent  the  observed  data  with  a maximum  in- 
accuracy of  one  percent.  Columns  5,6,7,  and  8 of  table  2 
show  the  actual  percental  difference  between  the  observed 
and  calculated  values  of  K for  one  of  the  solutions. 

Since  the  color  does  not  follow  Beer’s  law  exactly, 

three  methods  are  available  for  the  calculation  of  the  con- 

one 

centration  of  sodium  in  an  unknown  solution;  any/ of  the  three 
can  be  used  to  give  results  of  the  necessary  accuracy. 

(1)  From  the  value  of  L derived  from  the  galvanometer 
reading,  the  corresponding  value  of  K can  be  read  from  chart 
5,  or  can  be  calculated  from  the  equation  for  the  relation- 
ship of  K to  L.  Then  by  dividing  L by  K,  the  figure  for  the 
concentration  C is  obtained. 

(2)  The  value  of  C can  be  read  directly  from  chart  4, 
the  empirical  curve  drawn  throuth  the  plot  of  observed  values 
of  L against  the  corresponding  values  of  C. 

(3)  This  method  is  based  on  the  observed  fact  (column 
5,  tables  2 and  3),  that  over  a range  of  10%  in  the  value 
of  L ( and  consequently  the  value  of  C) , the  value  of  K 
changes  by  only  1%,  This  statement  holds  true  particularly 
well  for  concentrations  of  sodium  where  the  corresponding 
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galvanometer  readings  fall  near  the  middle  of  the  scale.  A 
deviation  of ±4%  in  the  sodium  content  of  blood  serum  is 
clinically  significant  (36).  A 2$  error  in  the  determination 
when  the  sodium  content  is  10fo  low  would  not  be  significant. 
The  point  in  question  is  always  whether  or  not  the  sodium 
level  is  significantly  altered  in  comparison  with  the  normal: 
if  it  is,  the  exact  degree  of  alteration  is  relatively  un- 
important. In  dealing  with  the  sodium  in  blood,  one  may  as- 
sume that  Beer's  law  holds,  and  that 


where  C is  the  concentration  of  sodium  in  the. blood,  L is  the 
density  corresponding  to  the  observed  galvanometer  reading, 
and  Kn  is  the  experimentally  determined  value  of  the  ratio  of 
L to  C of  a solution  whose  sodium  content  is  equal  to  the  mean 
normal  value  of  blood  sodium.  Chart  7 shows  the  validity  of 
these  assumptions  as  applied  in  range  of  concentrations  of  .297 
to  .363  mgms.$  of  sodium,  and  that  the  errors  within  this 
range  did  not  exceed  1 %, 

The  dotted  line  on  chart  7 was  drawn  on  the  assumption 
that  within  the  limited  ran^e  of  concentrations  indicated,  the 
increase  of  concentration  is  directly  proportional  to  the  in- 
crease in  density.  This  assumption  ’was  borne  out  experimentally, 

as  shown  by  the  close  proximity  of  the  experimental  points  to 

* 

the  line.  The  calculation  of  concentrations  from  observed 
densities  by  this  relationship  is  too  ponderous  for  everyday 

W - 

Where  and  Cj_,  are  the  concentrations  and  and  are  the 
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Chart  7 Conformity  with  Seers  /aw  over  Short 
range  of  core  entra  tion 
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C - milligrams  of  sodium  in  /OOcc.  of  colored  solution 


work:.  The  relationship  is  of  value  in  connection  with  method 
2,  as  outlined  above,  because  it  shows  that  the  line  on  chart 
4 can  be  drawn  in  small  straight  segments  without  serious 
error. 

The  reproducibility  of  the  color  is  indicated  by  the 
duplication  of  galvanometer  readings  of  equivalent  dilutions 
of  the  two  solutions,  shown  in  tables  2 and  3.  As  a check  on 
the  reproducibility,  the  relation  of  K to  L was  studied  for 
the  two  solutions,  as  shown  in  tables  4 and  5 and  charts  5 
and  6.  The  equations  for  the  relationship  were  found  to  be 
K = .889  -.1449L  for  one  solution 
and  K = .895  -.1611L  for  the  other. 

In  columns  5,6,  and  8 of  table  3 the  values  of  K observed  for 
varying  concentrations  of  the  second  solution  are  compared 


corresponding  densities  of  the  high  and  low  extremes,  re- 
spectively, over  which  the  principle  of  the  proportionality 
of  increments  is  to  be  applied,  and  L is  the  density  whose 
concentration  C is  to  be  determined, 

C = -LjJ 

(Lh  -Ll)  /(CH  -C J 


For  example,  from  the  experimental  figures  in  table  2 and 
chart  7, 

C - .297  + ( .2927  -.2537) 

•y924  (.305  -.2537)  / (.363  -.297) 

Ccalc.  =-547- 

Concentration,  taken  — .3465  


' 

. 

. 

. m * ' . i - : . - 


. 


. 


«_ 





with  the  average  of  observed  K values  for  corresponding  con- 
centrations of  the  first  solution.  The  limits  of  variation 
were  found  to  be  from  -.5$  to  «f. 9$,  the  average  variation  ± 
.33$.  In  columns  5,7,  and  9 of  table  3,  the  values  of  K ob- 
served for  dilutions  of  the  second  solution  are  compared  with 
the  values  expected  from  the  observed  values  of  L and  the  K-L 
regression  equation  of  the  first  solution.  The  limits  of 
variation  were  found  to  be  from  -.5$  to  1.0$,  the  average 
variation  * .48$. 

In  the  study  of  the  stability  of  the  color  with  respect 
to  time,  readings  were  made  at  intervals  on  tubes  containing 
about  15  cc.  of  varying  dilutions  of  the  triple  salt,  made  up 
in  every  case  with  4 cc.  of  5$  sulfosalicylic  acid  and  4 cc. 
of  10$  sodium  acetate  per  lOOcc.  The  liquids  were  left  in 
the  tubes  between  readings, and  the  standardized  tubes  were 
not  used  throughout;  consequently,  the  readings  for  any  par- 
ticular concentration  do  not  necessarily  check  either  with 
one  another  or  with  the  readings  in  tables  2 and  3.  Results 
are  shown  in  table  6. 

No  changes  in  color  were  found  within  the  first  three 
hours,  but  decreases  of  galvanometer  readings  implying  in- 
creases of  color  corresponding  to  about  1$  were  observed  in 
most  tubes  after  ten  hours. 

Table  7 shows  the  results  of  experiments  testing  the 
effect  of  temperature  on  the  color  of  the  solution.  Solu- 
tions containing  the  indicated  concentration  of  triple  salt 
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Permanence  of  the  color 

Na  cone.  Corrected  Galvanometer  readings 


(mgms.  %) 

immedi  ately 

after 

1 hour 

after 

3hours 

after 

10  hours 

.033 

931 

931 

931 

.066 

871 

871 

871 

.165 

715 

713 

71 3 

713 

713 

71 3 

7XS 

72° 

72° 

715 

3 

71 

713 

3 

71 

72° 

72° 

.330 

52  2 

2 

52 

521 

522 

522 

522 

522 

52  2 

522 

522 

521 

52~ 

52 1 

522 

521 

.495 

391 

39 1 

0 

39 

39° 

39° 

39° 

39° 

39° 

39° 

39° 

383 

nvucri  Cl 
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Table  6 (Cont.) 


Permanence  of  the  color 


Na  cone. 

Corrected  Galvanometer  readings 

after  after 

after 

(m<nns4) 

immediately 

1 hour  5 hours 

10  hours 

.495 

0 

59 

585 

585 

582 

.6  60 

29  3 

293 

292 

Table  7 

Effect  of  temperature  on  the  color 

Na 

o 

Corrected  galvanometer  readings 

at 

n _ 

merris 

17.5  G 

. 20.5  C. 

25.5  C. 

50.5  C. 

,165 

72° 

713 

713 

713 

1 

72 

1 

72 

72° 

72° 

72° 

72° 

713 

713 

.5  50 

&2S 

525 

522 

522 

55° 

55° 

2 

52 

2 

52 

523 

523 

52 1 

522 

,4  95 

591 

591 

59° 

383 

59 1 

591 

59° 

39° 

591 

59 1 

0 

59 

59° 
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plus  4 cc.  of  each  of  5$  sulfosali cylic  acid  and  10 % sodium 
acetate  were  prepared  in  100  cc.  volumetric  flasks.  The 
flasks  were  placed  in  a water  bath  at  the  temperature  indica- 
ted for  20  minutes.  About  15  cc.  of  the  contents  were  trans- 
ferred to  Evelyn  tubes  rinsed  with  the  solution,  and  the 
tubes  were  immediately  replaced  in  the  water  bath.  The  out- 
side of  the  tubes  were  dried  and  the  tubes  read  in  the  colori- 
meter. Immediately  after  reading  the  temperature  of  the  solu- 
tion in  each  tube  was  taken.  The  results  in  table  7 indicate 
a barely  detectable  decrease  in  intensity  (.7-1.0$)  when  the 
temperature  is  20°  or  below  from  that  observed  at  25°  and 
above.  As  the  room  temperature  varied  from  24°  to  26.5° 
during  the  course  of  the  experiments  reported  in  this  paper, 
this  temperature  effect  was  neglected.  If  the  room  tempera- 
ture varied  markedly  or  fell  below  23°  it  would,  of  course, 
be  necessary  to  apply  a correction  factor  of  plus  one  quarter 
scale  division  to  those  readings  from  72  to  56,  more  or  less, 
taken  below  this  temperature. 

Hoffman  and  Osgood  (36)  reported  that  the  effect  of 
temperature  on  the  color  of  a pure  solution  of  the  triple 
salt  is  so  marked  that  the  heat  of  the  colorimeter  lamp  af- 
fects it.  No  such  sensitivity  was  detected  in  the  color  de- 
veloped from  the  triple  salt  by  sulfosali cylic  acid.  Three 
tubes  gave  identical  galvanometer  readings  before  and  after 
being  exposed  to  the  heat  of  tfo©  lamp  for  two  minute s-mo re 
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than  4 times  the  normal  length  of  time  required  for  making 
a reading  in  the  photoelectric  colorimeter. 

The  color  developed  by  sulf osalicylic  acid  was  found  to 
be  quite  sensitive  to  changes  of  acidity.  The  addition  of 
mineral  acid  diminished  the  color  markedly.  The  dropwise 
addition  of  sodium  hydro. ride  increased  the  color  to  a density 
about  twice  as  great  as  that  used  in  these  experiments;  fur- 
ther additions  caused  rapid  fading  of  the  color.  The  most 
intense  color  could  be  obtained  by  neutralizing  the  sulfo- 
salicylic  acid  to  a phenolphthalein  end  point  before  adding 
it  to  the  uran.yl  solution.  The  pH  of  the  colored  solutions 
with  sulf osalicylic  acid  and  sodium  acetate  varied  from  4.5 
to  5.3  with  increasing  concentrations  of  uranium;  the  pH 
of  solutions  with  neutralized  sulf osalicylic  acid  varied  from 
9.1  to  5.5  with  increasing  concentrations  of  uranium.  The 
more  intense  color  was  not  used  in  further  experiments  be- 
cause it  was  found  to  be  much  more  sensitive  to  changes  of 
acidity  than  was  the  color  with  sulf osalicylic  acid  and  so- 
dium acetate,  and  because  it  did  not  follow  Beer’s  law  nearly 
as  well  as  did  the  original  color.  The  density  of  the  origins 
color  increased  94%  between  concentrations  of  sodium  of  .165 
mgms.  per  100  cc.  and  .330  mgms.  per  100  cc. ; over  the  same 
range,  the  density  of  the  color  with  neutralized  sulfo- 
salicylic  acid  increased  only  69%. 


An  experiment  was  performed  to  determine  the  effect  of 
changing  the  relative  and  absolute  amounts  of  sodium  acetate 
and  sulfo salicylic  acid.  To  each  of  twelve  100  cc.  volu- 
metric flasks  was  added  20  cc.  of  triple  salt  solution  con- 
taining .350  mgms.  of  sodium.  Varying  amounts  of  sulfo- 
salicylic  acid  and  sodium  acetate  were  added,  and  the  contents 
diluted  to  volume  and  read  in  the  colorimeter.  Results  are 
shown  in  table  8. 

Increasing  the  amounts  of  sodium  acetate  and  sulfo- 
salicylic  acid  had  no  effect  on  the  color  as  long  as  the 
ratio  of  the  two  reagents  was  not  varied.  Increasing  the 
ratio  of  sodium  acetate  to  sulfosalicylie  acid  caused  a de- 
crease of  intensity. 

On  the  basis  of  these  results,  precautions  were  taken 
to  measure  accurately  the  color  reagents  and  to  make  subse- 
quent solutions  of  sulfosalicylie  acid  of  equal  concentration 
to  that  of  the  solution  used  in  standardization  ( 5 cc.  of 
sulfosalicylie  acid  solution  required  17,25  cc.  0.1000  N NaOH 
to  neutralize  it  to  a phenol Dhthalein  end  point). 

Because  of  the  solubility  of  uranyl  zinc  sodium  acetate 
in  water,  it  is  necessary  to  take  special  precautions  to  in- 
sure completeness  of  precipitation  of  the  sodium  in  any 
specimen.  The  precipitating  reagent  is  made  very  concentrated 
in  uranyl  zinc  acetate,  but  the  volume  of  the  sample  solution 
reduces  t>his  somewhat.  Two  general  methods  have  been  pro- 
posed for  insuring  more  complete  precipitation.  In  their 
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Table  8 


Effect 

of  varying 

amounts  of 
density 

reagents  on  color 

Na 

Mffms.# 

5# 

Sul fo sali- 
cylic acid 
added 
cc, 

10# 

NaAc 

added 

cc. 

Corrected 

galvanometer 

reading 

Density 

0 

4.0 

4.0 

3 

Central  setting  73 

f4.0 

4.0 

522 

.2798 

4.0 

4.0 

t>22 

.2798 

3.7 

4.0 

525 

.2777 

3.7 

4.0 

523 

.2777 

.330 

3.7 

4.3 

531 

.2736 

3.7 

4.3 

531 

.2736 

3.7 

3.7 

522 

.2798 

3.7 

3.7 

522 

.2798 

4.0 

3.7 

512 

.2882 

4.0 

3.7 

bl5 

.2861 

4.3 

4.3 

522 

.2798 

i 

^4.3 

4.3 

522 

.2798 
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original  procedure.  Barber  and  Kolthoff  (6)  saturated  the 
reagent  with  the  triple  salt  and  filtered  immediately  before 
using  the  reagent.  Butler  and  Tuthill  (12),  Ball  and  Sadusk 
(4),  and  Hoffman  and  Osgood  (36)  used  this  method.  Barren- 
scheen  and  Messiner  (8)  did  not  saturate  the  reagent  with  the 
triple  salt,  but  used  alcohol  in  the  precipitating  mixture, 
McCance  and  Shipp  (60),  Snell  and  Snell  (86),  Salit  (82), 
Jendrassik  and  Dziobek  (39),  Rusznyak  and  Hatz  (81),  Weinbach 
(96),  Chen  (19),  and  Marenzi  and  Gerschmann  (5b,b6)  used  al- 
cohol in  amounts  varying  from  11$  to  50$  of  the  total  volume 

i 

of  sample  solution  plus  precipit ants. 

Holmes  and  Kirk  (37),  using  the  saturated  precipitant, 
found  it  to  be  necessary  to  carry  out  the  precipitation  in 

1 a refrigerator  to  insure  constancy  of  values,  although  Ball 
and  Sadusk  (4)  worked  at  room  temperature.  Hoffman  and 
Osgood  (36)  pointed  out  that  precipitation  is  not  absolutely 
complete  with  the  saturated  reagent  because  of  the  dilution 
of  the  reagent  by  the  sample  solution. 

Regarding  the  use  of  alcohol,  it  has  already  been  pointed 
out  (p.  26)  that  uranyl  salts  are  unstable  in  the  presence 
of  alcohol.  Thus  it  is  necessary  to  add  the  alcohol  at  the 
time  of  precipitation.  Snell  and  Snell  (86)  reported  33$  as 
the  optimal  concentration  of  alcohol  in  the  precipitating 
mixture,  but  Marenzi  and  Gerschmann  (56)  stated  that  25$  is 
the  highest  concentration  which  can  be  used  without  precipi- 
tating some  of  the  uranyl  zinc  acetate.  The  procedure  of 
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Weinbach  (96),  in  which  2.1  cc.  of  95$  alcohol  is  added  in 
small  portions  to  1 cc.  of  sample  and  5 cc.  of  reagent,  was 
I used  in  the  experiments  summarized  in  table  9. 

The  triple  acetate  precipitate  must  be  washed  free  from 
adherent  reagent  before  it  can  be  determined  accurately  by 
any  of  the  procedures  so  far  devised.  Barber  and  Kolthoff  (6) 
and  Butler  and  Tuthill  (12)  used  a saturated  alcoholic  solu- 
tion  of  uranyl  zinc  sodium  acetate  for  washing  out  the  excess 
of  reagent.  Hald  (35),  Salit  (82),  and  Ball  and  Sadusk  (4) 
found  this  reagent  to  be  unsatisfactory  because  of  the 
decomposition  of  the  uranium  in  the  solution.  Salit  (82) 
introduced  the  use  of  a saturated  solution  of  triple  salt  in 

glacial  acetic  acid  for  the  first  washing;  he  then  washed  out 

. 

the  acetic  acid  with  ether.  Marenzi  and  Gerschmann  (55,56), 
Chen  (19),  and  Ball  and  Sadusk  (4)  found  these  to  be 
satisfactory  wash  reagents.  Weinbach  (96)  washed  the  pre- 
cipitate once  with  a saturated  solution  of  the  triple  salt  in 
acetone.  In  attempting  to  use  this  reagent  in  the  experiments 
here  reported,  it  was  found  that  the  galvanometer  readings 

I 

obtained  were  much  lower  than  the  theoretical  values  for 
standard  triple  salt  solutions.  This  would  indicate  that  the 
v/ ash  reagent  precipitates,  rather  than  dissolves,  the  excess 
of  reagent.  By  mixing  the  wash  liquid  with  the  precipitant, 
this  surmise  was  verified. 

Hoffman  and  Osgood  (36)  found  that  all  three  of  the  wash 
reagents  mentioned  produced  precipitates  of  triple  salt  when 
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"brought  in  contact  with  the  precipitant,  and  that  the  acetic 
acid  reagent  produced  the  least  precipitate.  They  also  ob- 
served that  the  pure  liquids  produced  no  precipitate.  Be- 
cause of  the  irritating  odor  of  glacial  acetic  acid,  they 
used  a 15$  solution  of  acetic  acid  in  alcohol,  saturated  with 
the  triple  salt. 

By  decreasing  the  solubility  of  uranyl  zinc  sodium 
acetate  in  acetic  acid  with  the  addition  of  ethyl  acetate,  it 
was  possible  in  these  experiments  to  avoid  the  use  of  satura- 
ted wash  liquids  and  to  evade  the  obvious  limitations  of 
such  reagents.  About  10  mgm.  samples  of  uranyl  zinc  sodium 
acetate  were  shaken  with  5 cc.  each  of  ethyl  alcohol,  15$ 
acetic  acid  in  alcohol,  glacial  acetic  acid,  10$  ethyl  ace- 
tate in  acetic  acid,  and  ether.  After  allowing  the  excess  of 
triple  salt  to  settle,  a few  drops  of  the  supernatant  fluids 
were  mixed  with  an  equal  volume  of  potassium  ferrocyanide 
solution.  The  solubility  of  the  triple  salt  in  the  liquids, 
as  estimated  by  the  intensity  of  red  color  produced  with 
ferrocyanide,  was  found  to  decrease  in  the  order  above  men- 
tioned. 

Acetic  acid  solutions  containing  0,  20,  40,  60,  and  80$ 
by  volume  of  ethyl  acetate  were  shaken  with  equal  volumes  of 
uranyl  zinc  acetate  reagent  ( 96  ) and  with  10  mgm.  samples  of 
the  triple  salt.  Glacial  acetic  acid  and  the  20$  ethyl 
acetate  solution  gave  no  precipitate  with  the  reagent.  The 
40$  solution  produced  a slight  precipitate  in  ■§■  hour,  the  60$ 


. . 

_ 

« 

_ 

. 

. • r; 

- 

. 

. 

. 

. 


solution  immediately.  The  mixture  with  the  80$  solution 
separated  into  a solid  and  2 liquid  phases.  The  supernatant 
fluids  from  the  triple  salt  were  tested  with  ferrocyanide  as 
before.  The  solutions  containing  40$  or  more  ethyl  acetate 
gave  no  color. 

A solution  containing  30$  of  ethyl  acetate  in  acetic 
acid  was  found  to  give  no  color  with  ferrocyanide  after 
shaking  with  triple  salt,  and  to  give  no  precipitate  with  an 
equal  volume  of  uranyl  zinc  acetate  reagent.  Although  this 
solution  has  a very  irritating  odor,  it  can  be  used  with- 
out discomfort  by  delivering  it  from  a wash  bottle  if  a 
third  hole,  containing  a short  glass  tube,  is  put  through 
the  stopper  and  a Bunsen  valve  attached  to  the  inner  end  of 
the  mouthpiece.  The  flow  of  liquid  is  regulated  by  placing 
the  index  finger  over  the  third  tubing. 

The  efficiency  of  precipitation  and  washing  was  tested 
by  analyzing  standard  solutions  of  sodium  chloride.  Varying 
amounts  of  standard  solution  of  sodium  chloride  were  de- 
livered into  centrifuge  tubes  from  calibrated  intervals  of 

a micro  burette  and  diluted  to  1 cc.;  5 cc.  of  uranyl  zinc 

(96) 

acetate  reagent,  prepared  according  to  Weinbach/  were  added, 
followed  by  seven  .3cc  portions  of  95$  ethyl  alcohol  during 
|r  hour.  The  tubes  were  centrifuged  for  10  minutes  at  2000 
r.p.m.,  decanted  and  inverted  over  a piece  of  cheesecloth 
for  5 minutes.  The  mouths  of  the  tubes  were  then  wiped  dry, 
and  into  each  -was  blown  about  1 cc.  of  30$  ethyl  acetate  in 
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acetic  acid.  The  precipitate  was  agitated  by  holding  the 

tube  firmly  between  the  thumb  and  index  finger  of  the  left 
hand  and  tapping  the  base  with  the  right  forefinger,  thus 
producing  a rotatory  motion  of  the  liquid  in  the  tube . The 
walls  of  the  tubes  were  then  washed  down  with  about  2 cc.  more 
of  liquid.  The  tubes  were  again  centrifuged  for  10  minutes, 
decanted,  inverted  for  five  minutes,  and  wiped  as  before. 

The  precipitate  was  then  washed  twide  with  5 cc.  portions  of 
ether  to  remove  the  acetic  acid,  which  interferes  with  the 
color  with  sulf osalicylic  acid.  After  ether  washings  the 
tubes  were  centrifuged  for  only  5 minutes  and  drained  for 
only  one  minute.  Longer  draining  after  ether  washings  may 
allow  the  precipitate  to  become  so  dry  that  it  falls  out  of 
the  tube.  After  draining  from  the  second  ether  washing,  the 
tubds  were  placed  over  a steam  radiator  for  5 minutes  to  dry. 
The  contents  of  each  tube  were  dissolved  by  agitating  with 
3-4  cc.  of  water,  transferred  quantitatively  to  a 100  cc. 
volumetric  flask,  and  diluted  to  about  70  cc.  Then  were 
added  4 cc.  of  5 jo  sulf  osalicylic  acid  solution  and  4 cc.  of 
10%  acetic  acid  solution,  and  the  solutions  diluted  to  volume 
and  mixed.  A 15  cc.  portion  of  the  solution  in  each  flask 
was  transferred  to  an  Evelyn  tube  previously  rinsed  with  the 
solution,  and  the  tubes  were  read  in  the  Evelyn  colorimeter 
with  filter  440mA  As  checks,  equivalent  amounts  of  the 
snythetic  triple  salt  solution  were  also  diluted  to  100  cc. 
and  read  at  the  same  time. 
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Table  9 


The  efficiency  of  precipitation  and  washing. 
Determination  of  known  amounts  of  sodium  chloride 


Sodium 

taken 

mgm. 

Corrected 

galvanometer 

reading 

Density 

0 

2 

99 

.0022 

0 

993 

.0011 

*.166 

2 

71 

.1457 

*.166 

71 2 

.1457 

.168 

71 2 

.1407 

.168 

1 

71 

.1472 

.173 

701 

.1534 

*.231 

625 

.2024 

*.231 

623 

.2024 

.231 

623 

.2024 

.231 

63° 

.2007 

.238 

62° 

.2076 

.238 

62° 

.2076 

*.301 

551 

.2577 

*.301 

1 

55 

.2577 

.301 

1 

55 

.2577 

.301 

551 

.2577 

.301 

552 

.2557 

*.332 

521 

.2819 

*.332 

521 

.2819 

Sodium  % K K % 

found  error  ob-  calc.  Error 
mgm.  ser-  ( chart 

ved  5) 

( from 
L&C) 

.0024 

.0012 

.867  .871  -.5 

.867  .871  -.5 

.166  -1.2 

.168  0 

.175  +1.2 

.866  .860  +.7 

.866  .860  t .7 

.231  0 

.229  -.8 

.237  - .4 

.237  - .4 

.856  .851  +.5 

.856  .851  +.5 

.301  0 

.301  0 

.299  - .8 

.848  .848  0 

.848  .848 


0 


Table  9 (Cont.) 

The  efficiency  of  precipitation  and  washing. 
Determination  of  known  amounts  of  sodium  chloride 


Sodium 

Corrected 

Density 

Sodium 

% K 

K % 

taken 

galvanometer 

found 

Error  ob- 

calc.  Eri 

mgm. 

reading 

mgm. 

ser- 

( cha^t 

.532 

52° 

.2840 

.334 

ved 
( from 
L£C) 

+.  8 

5) 

.332 

1 

52 

.2819 

.332 

0 

* • 336 

3 

51 

.2861 

.852 

.847  4-.  6 

*-♦336 

513 

.2861 

.852 

.847  +.6 

.336 

52° 

.2840 

.334 

-.7 

.336 

515 

.2861 

.336 

0 

.336 

0 

52 

.2840 

.334 

-.7 

*- . 399 

461 

.335 

.399 

.839 

.840  -.1 

*-.399 

461 

.335 

.399 

.839 

.840  -.1 

.399 

.399 

1 

46 

0 

46 

.335 

.337 

.399 

.401 

4-. 6 

.399 

461 

.335 

.399 

0 

-.463 

41° 

41° 

.387 

.838 

• 833  +■.  6 

.463 

.387 

.463 

0 

.463 

41° 

.387 

.463 

0 

.463 

0 

41 

.387 

.463 

0 

* . 534 

36° 

.444 

.832 

.825  +.8 

* .534 

36° 

.444 

.832 

.825  +-.8 

.534 

36° 

.444 

.534 

0 

.534 

36° 

.444 

.534 

0 

*•  Not  precipitated  or 

washed.  Prepared  from  standard 

uranyl 

zinc 

sodium  acetate 

solution. 

Table  9 shows  the  results  of  these  tests.  It  can  be  seen 


that  the  error  in  precipitation  and  washing  averaged  less  than 
1 fo  within  the  range  of  .168  m^m.to  .534  mgm.  The  last  column 
of  table  9 serves  as  a further  check  on  the  reproducibility  of 
color  of  the  triple  salt  with  sulf osalicylic  acid.  No  attempt 
was  made  in  these  experiments  to  study  the  precipitation  and 
the  washing  separately,  since  the  color  produced  by  the  pre- 
cipitate can  not  be  measured  unless  the  excess  of  uranium  is 
removed.  These  experiments  show  only  that  the  errors  in  pre- 
cipitation are  offset  by  the  errors  in  washing.  However,  the 
smallness  of  the  error  over  the  wide  range  would  indicate  that 
the  error  in  either  process  is  negligible  . 

Barber  and  Kolthoff  (7)  found  that  potassium,  phosphate, 
and  arsenates  interfere  in  the  gravimetric  determination  of 
sodium  as  uranyl  zinc  sodium  acetate.  In  biological  material 
the  interference  of  arsenate  may  be  ignored.  Since  potassium 
interferes  only  when  it  is  present  to  the  extent  of  50  mgms. 
per  cc.  (7),  it  may  be  neglected  in  most  biological  fluids; 
however,  since  the  concentration  of  potassium  is  much  higher 
in  cellular  substance  than  in  the  surrounding  fluids,  it  has 
been  found  advisable  (67)  to  remove  it  by  precipitation  as 
perchlorate  when  cellular  materials  are  analyzed.  Since  the 
present  study  is  not  concerned  with  such  substances,  the 
presence  of  potassium  was  ignored. 

In  the  analysis  of  blood  serum,  the  small  concen- 
tration of  phosphate  can  be  ignored.  In  urine,  however, 
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there  is  enough  phosphate  present  to  cause  an  appreciable 
precipitate.  Butler  and  Tuthill  (12),  in  applying  the 
gravimetric  method  of  Barber  and  Kolthoff  (6),  used  solid 
calcium  hydroxide  for  precipitating  phosphate  in  preference 
to  magnesia  mixture,  as  recommended  by  the  original  workers 
(7).  Overman  and  Garrett  (69)  used  zinc  carbonate.  Hoff- 
mann and  Osgood  ( 3$) , in  developing  a colorimetric  method 
for  sodium  in  urine,  precipitated  the  phosphate  along  with 
the  sodium,  carried  the  insoluble  uranyl  phosphate  through 
the  washing  process,  and  finally  separated  it  by  centri- 
fuging after  dissolving  the  sodium  precipitate  in  water. 
Since  these  workers  measured  the  color  of  the  triple  salt 
itself,  which  exhibits  optimal  color  intensity  when  the 
precipitate  from  0.1  cc.  of  urine  is  dissolved  in  10  cc.  or 
so  of  water,  their  procedure  was  very  simple,  consisting 
only  of  dissolving  the  precipitate  in  a measured  volume  of 
water,  centrifuging  down  the  insoluble  uranyl  phosphate,  and 
reading  the  color  of  the  supernatant  fluid. 

A modification  of  this  method  was  used  in  the  analyses 
of  phosphate  - containing  solutions  in  the  present  study. 
Since  the  color  developed  from  the  triple  salt  with  sulfo- 
salicylic  acid  required  dilution  to  100  cc.  to  obtain  ac- 
curacy of  reading,  it  was  necessary  to  measure  an  ali- 
quot part  of  the  phosohate-free  supernatant  solution  for 
color  development  and  measurement.  The  validity  of  this 
procedure  was  tested  in  the  experiment  described  below  and 
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summarized  in  table  10. 

A solution  containing  1,0000  gm.  of  pure  anhydrous 
NagHP04  per  liter  was  prepared.  This  solution  corresponded 
to  a 1:10  dilution  of  urine  containing  twice  the  average 
concentration  of  phosphate;  1 L.  contained  .4999gm.  and 

1 cc.  contained  .3239  mgm.  of  sodium.  From  one  portion  of 
this  solution  the  phosphate  wa3  removed  by  the  method  of 
Butler  and  Tuthill  (12.);  18  cc.  of  solution  was  shaken 
with  .06  gms.  solid  Ca(0F)?,  for  |r  hour  and  filtered.  A 
blank  was  prepared  by  shaking  18  cc.  of  water  with  .06  gms. 
Ca(0F)2*  The  solutions  were  filtered  and  1 cc.  portions 
were  delivered  into  centrifuge  tubes  from  a calibrated 
microburette.  Samples  of  distilled  water  and  of  untreated 
sodium  phosphate  solution  were  also  analyzed  by  the  same 
procedure.  The  precipitation  and  washing  were  carried  out 
in  the  same  manner  as  with  the  sodium  chloride  solutions, 
except  that  in  the  washing  the  precipitates  were  agitated 
by  stirring  with  a glass  rod.  This  was  found  to  be  neces- 
sary because  the  bulky  phosphate  precipitate  tended  to  pack 
down  and  occlude  some  of  the  reagent,  as  evidenced  by  high 
results.  After  the  final  ether  washing,  the  precipitates 
were  dried  for  five  minutes  and  shaken  vigorously  with  10 
cc.  of  water  to  dissolve  the  triple  salt.  After  centri- 
fuging for  10  minutes,  3 cc.  of  the  clear  supernatant 
fluids  were  transferred  to  50  cc.  volumetric  flasks.  The 
flasks  were  filled  about  two  thirds  full  with  water,  2 cc. 
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Table  10 


The  non-interference  of  phosphates.  Determination 
of  sodium  in  di sodium  phosphate. 


Sodium 

Pho  sphate 

Corrected 

Density 

Concen- 

So- % 

taken 

removed 

galvanometer 

tration 

dium  Srr 

mgm. 

reading 

of 

found,  or 

sodium 

mgm 

c :l/k 

C-Blank 

9 

0 

yes 

99 

.0033 

.004 

1 

0 

yes 

99 

.0033 

.004 

.526 

yes 

522 

.2798 

.330 

.326  0 

.326 

yes 

2 

52 

.2798 

.330 

.326  0 

.326 

yes 

525 

.2777 

.328 

.324  -.7 

.326 

yes 

521 

.2819 

.332 

.328  **-.7 

0 

no 

991 

.0033 

.004 

0 

no 

991 

.0033 

.004 

.326 

2 

no 

52 

.2798 

.330 

.326  0 

1 

.326 

no 

52 

.2819 

.332 

.328  +.7 

.326 

no 

523 

.2777 

.328 

.324  -.7 

.326 

no 

522 

.2798 

.330 

.326  0 
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of  sulfosalicylic  acid  and  2 cc.  of  sodium  acetate  were  added 
to  each,  and  10-15  cc.  of  the  solution  read  in  the  colorimeter 
as  before.  As  shown  in  table  10,  there  was  no  difference  in 
reliability  between  results  obtained  with  and  without  removal 
of  phosphates  by  precipitation  with  calcium  hydroxide. 

Since  slightly  acidified  uranyl  salts  have  been  shown 

(34)  to  be  excellent  protein  precipitants , it  is  necessary  to 
remove  or  to  destroy  the  protein  in  biological  fluids  before 
proceding  with  the  determination  of  sodium.  The  removal  of 
protein  by  precipitation  is  far  less  time-consuming  than  is 
the  destruction  of  protein  by  ashing,  but  the  results  of 
mineral  determinations  on  deproteinized  samples  are  not  as 
reliable  as  those  on  ashed  samples.  The  determinations  of 
minerals  in  trichloracetic  acid  filtrates  have  been  studied 
extensively  by  Van  Slyke,  Hiller,  and  Berthelsen  (95),  Ilald 

(35) ,  Oberst  (67),  Grigant  and  Boutroux  (34),  and  Ball  and 
Sadusk  (4).  All  these  authors  found  that  values  obtained 
from  trichloracetic  acid  filtrates  were  from  2 to  5%  higher 
than  those  from  ashed  samples,  and  all  explained  the  error 
as  due  to  volume  changes  caused  by  precipitating  the  protein. 
Some  confirmation  of  this  view  is  found  in  the  results  of 
Oberst  (67),  who  found  discrepancies  of  more  than  5%  between 
ashed  and  precipitated  samples  of  cellular  material,  in  which 
the  protein  content  is  higher  than  in  plasma. 

In  urines,  which  contain  little  or  no  protein-,  precipita- 
tion by  mercuric  chloride  (12)  or  by  trichloracetic  acid  (82) 
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has  not  been  found  to  introduce  serious  error.  In  the  present 
study,  1:10  trichloracetic  acid  filtrates  of  urine  were  made 

routinely.  Details  of  the  procedure  and  results  will  be  shown 

1 in  the  next  section. 

When  dealing  with  blood  serum  in  the  present  study,  de- 
terminations were  made  both  on  samples  ashed  by  the  procedure 
of  Hoffman  and  Osgood  (36)  and  on  1:10  trichloracetic  acid 
filtrates.  Details  of  procedure  and  results  are  shown  in  the 
section  dealing  with  the  adaptation  of  the  method  to  blood 
serum.  Table  11  shows  that  values  with  trichloracetic  acid 
filtrates  were  from  0.9  to  4.0 % higher  than  those  on  ashed 
samples  of  the  same  blood. 

Application  of  method  to  biological  fluids. 

The  theoretical,  historical,  and  experimental  basis  for 
all  the  steps  involved  in  the  application  of  the  method  to 
blood,  urine,  and  cerebrospinal  fluid  have  been  discussed  in 
the  preceding  sections.  The  assembled  procedures  are  presented 
here. 

Reagents  used  for  sodium  determinations  in  trichlor- 
acetic acid  filtrates  of  biological  materials  are: 


1.  Trichloracetic  acid,  20a,  solution. 


2.  Ashless  filter  paper,  Whatman  No.  40 


3.  Uranjrl  zinc  acetate  rea&ent,  prepared  according 


to  Weinbach  (96).  Solution  A:  77  gm.  of  uranyl  acetate  U0g- 
(CH^COO)^  . 2H^0,  and  14  cc.  of  glacial  acetic racid  are  dis- 
solved by  heating  and  stirring  in  400  cc.  of  water.  Solution 
Bi.  231  gm.  of  zinc  acetate . Zn( CH^COO) p . 2H£°>  and  7 cc. 


I 


glacial  acetic  acid  are  dissolved  by  heating  and  stirring  in 
400  cc.  of  water.  The  two  solutions  are  mixed  and  diluted  to 
1 liter  while  still  warm.  After  standing  24  hours,  the  mixed 
solution  is  ready  for  use.  It  is  filtered  immediately  before 
using, 

4.  Ethyl  alcohol,  95$. 

5.  Ethyl  acet ate- acetic  acid  wash  reagent:  500  cc. 
of  C.  P.  ethyl  acetate  diluted  to  1 liter  with  glacial  acetic 
acid. 

6.  Ethyl  ether,  redistilled. 

7.  Sulfosalicylic  acid,  5$  solution. 

8.  Sodium  acetate,  10f£  solution:  50  gm.  of  C.  P. 
sodium  acetate,  NaCH^COO.  SH^O  dissolved  in  water  and  diluted 
to  500  cc. 

Other  reagents,  used  only  in  sodium  determinations  in 
ashed  samples,  are: 

1.  Sulfuric  acid,  6N  solution. 

2.  Nitric  acid,  concentrated. 

3.  Hydrogen  peroxide,  50$. 

For  the  determination  of  sodium  in  blood  serum,  urine  or 
cerebrospinal  fluid,  1 cc.  of  1:10  trichloracetic  acid  fil- 
trate of  the  material  or  0.1  cc.  of  material  wet-washed  by  the 
procedure  of  Hoffman  and  Osgood  (36)  are  analyzed. 

In  the  preparation  of  trichloracetic  acid  filtrates,  1 cc 
of  biological  material  is  delivered  from  a pipette  (calibrated 
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to  deliver  the  material  measured  ) into  7 cc*  of  distilled 
water  in  a test  tube.  While  shaking  the  tube  gently,  2 cc.  of 
20 °l  trichloracetic  acid  is  added.  The  contents  of  the  tube 
are  thoroughly  mixed  by  stirring  and  allowed  to  stand  for  ten 
minutes.  After  filtering  through  an  ashless  filter  paper,  1,0 
cc.  of  the  clear  filtrate  is  delivered  from  a pipette  cali- 
brated for  delivery  of  water  into  a 15  cc.  conical  centrifuge 
tube  for  treatment  with  uranyl  zinc  acetate  reagent. 

In  the  preparation  of  ashed  samples,  0.1  cc.  of  the 
material  to  be  analyzed  is  delivered  from  a pipette  calibrated 
to  deliver  that  material  into  a 15  cc.  conical  centrifuge  tube 
of  heat-resistant  glass.  After  adding  .2  cc.  of  6N  sulfuric 
acid  and  .1  cc.  of  concentrated  nitric  acid,  the  tube  is  placed 
in  a beaker  of  boiling  water  for  10  minutes  or  longer.  The 
tube  is  then  removed  from  the  water  bath  and  the  contents 
charred  over  a free  flame.  By  allowing  a small  flame  from  the 
microburner  to  strike  just  above  the  level  of  the  liquid  in 
the  constantly  shaken  tube,  very  little  danger  of  loss  from 
spattering  is  encountered.  The  tube  is  allowed  to  cool  while 
another  is  being  similarly  treated.  Then  is  added  one  drop 
of  30^  H2O2  from  a capillary  pipette.  The  contents  are  again 
evaporated  over  a free  flame  until  SO3  fumes  fill  the  tube,  and 
allowed  to  cool  during  the  treatment  of  the  second  tube.  The 
addition  of  hydrogen  peroxide  is  continued  until,  after  evapo- 
ration to  SO3  fumes,  only  a colorless  drop  of  liquid  remains 
in  the  tube.  (All  tubes  in  any  series  are  treated  with  equal 
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amounts  of  H 0 in  order  to  insure  constancy  of  the  blank;  6 

Uj  (+J 

drops  or  less  will  generally  be  enough  to  produce  a clear  solu- 
tion). After  the  final  evaporation  with  H^Or,,  the  tube  is  al- 
lowed to  cool  for  10  minutes  or  more,  and  to  it  are  added  0.9 
cc.  of  water.  After  mixing  the  contents  of  the  tube,  it  is 
ready  for  treatment  with  uranyl  acetate  reagent. 

To  1 cc.  of  solution  prepared  by  one  of  the  methods  de- 
scribed above,  5 cc.  of  freshly  filtered  uranyl  zinc  acetate 
rea&ent  is  added.  At  5 minute  intervals  are  added  seven  0*3 
cc.  portions  of  ethyl  alcohol.  These  additions  must  occupy 
at  least  § hour,  and  may  take  longer.  After  each  of  the  first 
five  additions  of  alcohol  the  liquid  in  the  tube  is  mixed, first 
by  tapping  the  bottom  of  the  tube,  producing  a rotatory  motion 
in  the  upper  part  of  the  liquid,  then  by  rolling  the  tube  back 
and  forth  between  the  palms  of  the  hands,  thus  producing  ef- 
fective mixing  in  the  lowest  part  of  the  tube.  The  last  two 
additions  of  alcohol  serve  to  wash  down  the  walls  of  the  tube. 
They  are  allowed  to  remain  layered  on  the  solution.  After  the 
last  addition  of  alcohol,  the  tube  is  centrifuged  at  2000  r.p.m. 
for  ten  minutes,  decanted,  inverted,  and  allowed  to  drain  for 
five  minutes.  The  mouth  of  the  tube  is  wiped  dry  and  the 
precipitate  is  agitated  by  blowing  on  it  a fine  stream  of  about 
2 cc.  of  ethyl  acetate-acetic  acid  wash  liquid.  The  walls  of 


* In  the  case  of  urines  which  contain  much  phosphate  the  pre- 
cipitate must  be  agitated  by  stirring  with  a glass  rod,  which 
is  washed  off  with  the  wash  liquid  after  each  use. 


the  tube  are  washed  down  with  a small  amount  of  the  liquid. 
Centrifuging  for  ten  minutes,  draining  for  five  minutes,  and 
wiping  are  carried  out  as  before,  and  about  5 cc.  of  ether 
are  used  to  wash  the  precipitate  and  the  vails  of  the  tube; 
precipitates  from  urines  must  be  stirred  with  a glass  rod. 

The  tube  is  centrifuged  for  "5  minutes,  decanted,  and  drained 
for  1 minute.  (Longer  draining  may  allow  the  flaky  precipitate 
to  become  so  dry  that  it  crumbles  and  falls  out  of  the  tube). 
The  precipitate  is  washed  a second  time  with  5 cc.  of  ether, 
centrifuged  5 minutes,  decanted,  and  drained  for  one  minute. 

The  tube  is  placed  in  a warm  place  for  5 minutes  to  evaporate 
the  last  traces  of  ether.  To  this  point  the  procedure  is 
identical  for  blood,  urine,  and  cerebrospinal  fluids,  with  the 
exception  of  the  agitation  of  precipitates,  as  noted. 

For  blood  and  cerebrospinal  fluid,  the  remainder  of  the 
procedure  is  identical:  the  washed,  drxed  precipitate  is 
dissolved  in  4-5  cc.  of  water  and  transferred  quantitatively 
to  a 100  cc.  volumetric  flask.  The  solution  in  the  flask 
is  diluted  to  about  70  cc.,  and  to  it  are  added  in  order  4 cc. 
of  5%  sulf osalicylic  acid,  4 cc.  of  10%  sodium  acetate,  and 
water  to  make  100  cc.  The  contents  of  the  flask  are  mixed 
thoroughly  and  a 15  cc.  portion  transferred  to  an  Evelyn 
colorimeter  tube  and  read  in  the  colorimeter,  using  the  440  m/* 
filter.  The  instrument  is  set  to  read  100  with  a tube  con- 

taining 4 cc.  of  each  of  5%  sulf  osalicylic  acid  and  10°% 
sodium  acetate  in  100  cc.  The  L value  corresponding  to 


— - 

. < 

f 

. , « 


. ' 

< 

. 


. f>  . 


the  corrected  galvanometer  reading,  is  read  from  the  chart 
supplied  with  the  colorimeter,  and  the  concentration  of  so- 
dium in  the  original  material  is  calculated  from  the  concen- 
tration in  the  sample  tube  (read  from  chart  7)  by  subtracting 

J/r 

the  sodium  content  of  a similarly  treated  blank® 

If  c is  the  concentration  of  sodium  in  the  sample  tube, 
b is  the  concentration  of  sodium  in  the  blank  tube  (obtained 
by  dividing  L by  the  correct  value  of  K from  chart  5),  and 
v is  the  volume  of  serum  or  spinal  fluid  taken  in  the  ashed 
sample  or  trichloracetic  acid  filtrate,  then 

lOO(c-b)  mgms.  % of  sodium  in  serum  or  spinal  fluid, 
v 

The  precipitate  from  urine  is  shaken  with  10  cc.  of 
water;  the  triple  salt  dissolves  while  the  uranyl  phosphate 
remains  behind  as  a gelatihous  precipitate.  The  tube  is 
centrifuged  for  ten  minutes  aL  200  r.p.m.  Five  cubic  centi- 
meters of  the  clear  supernatant  fluid  is  pipetted  into  a bO 
cc.  volumetric  flask  and  diluted  to  about  35  cc.  with  water. 
Then  are  added  in  order  2 cc.  of  b%  sulfo salicylic  acid,  2 cc. 
of  10%  sodium  acetate,  and  water  to  make  50  cc.  The  solution 
is  read  in  the  colorimeter  in  the  same  manner  as  is  a solution 
of  blood  precipitate.  Since  the  colored  solution  contained 

* The  reagent  blank  for  trichloracetic  acid  filtrates  is 

prepared  by  diluting  two  parts  of  20%  trichloracetic  acid  with 
8 parts  of  water,  filtering,  adding  1 cc.  to  a centrifuged 
tube,  and  carrying  out  the  precipitation  and  washing  as  with 
blood  filtrates.  , The  blank  for  eshad  samples  is  prepared  by 
treating  0.1  cc.  of  water  with  sulfuric  - acid,  nitric  acid, 
and  hydrogen  peroxide,  and  carrying  out  ,he  procedure  exactly 
as  with  blood  serum# 
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half  the  precipitate  from  the  sample  in  50  cc.  of  final  volume, 

the  concentration  of  color  is  the  same  as  if  all  the  precipi- 
tate was  dissolved  in  100cc.,  so  the  same  charts  can  be  used 

for  finding  the  concentrations  of  sodium  in  sample  and  blank, 

and  the  calculation  of  results  is  the  same  as  for  blood  or 

cerebrospinal  fluid. 

Table  11  shows  the  results  of  analyses  of  fifteen  samples 

of  blood.  Ashed  samples  and  trichloracetic  acid  filtrates  of 

each  blood  were  prepared  and  were  analyzed  by  the  procedure 

i 

given  above.  The  average  value  of  the  sodium  concentration 

in  15  normal  blood  sera,  determined  on  ashed  samples,  was 

found  to  be  334  mgms.  per  100  cc.  The  range  was  from  324  to 

342  mgms.  per  100  cc.  As  determined  on  trichloracetic  acid 

filtrates,  the  average  was  341  mgms.  per  lOOcc.  and  the  range 

from  333  to  349  m^ms.  per  100  cc.  The  average  value  for  ashed 

samples  is  in  excellent  agreement  with  the  figure  of  335 

mgms.  per  100cc.,  which  Peters  and  Van  Slyke  (71)  give  as 

the  normal  concentration.  The  variation  of  the  extremes  was 

less  than ± 4 %,  which  Hoffman  and  Osgood  (36)  state  as  the 

normal  variation  of  human  blood  sodium. 

Trichloracetic  acid  filtrates  gave  values  from  .9  to  4.0>o 

higher  than  ashed  samples  of  the  same  blood.  The  avera6e  dif- 
ference was  2.3 %.  This  figure  compares  favorably  with  those 

reported  by  Van  Slyke,  Hiller  and  Berthelsen  (95),  Hald  (35), 
Grig,ant  and  Boutroux  (34),  and  Ball  and  Sadusk  (4). 

Table  12  shows  the  results  of  the  analyses  of  ten  samples 

. { 


Table  11 


Determination  of  sodium 

in  blood 

sera- 

Blood 

Total 

Sodium 

taken 

Treat-  sodium 

in 

So  di  um  ° / o 

cc. 

ment  * L**  found 

blood. 

in  diff. 

mgms . 

mgms . 

blood  A & T 

„ o / 

(total  mgms.  °/o 
- bl  ank ) 


0 

0 

A 

7U0W 

— roso 

0 

T 

.0066 

.014 

1 

.200 

A 

.2924 

.693 

.673 

337. 

.202 

T 

.297 

.702 

.688 

341. 

1.2 

.202 

T 

.297 

.702 

.688 

341. 

1.2 

2 

.200 

A 

.2882 

.682 

.662 

331. 

.200 

A 

.2882 

.682 

.662 

331. 

.202 

T 

.2903 

.688 

.674 

334. 

.9 

.202 

T 

.2903 

.688 

.674 

334. 

.9 

3 

.200 

A 

.2882 

.682 

.662 

331. 

.202 

T 

.297 

.704 

.690 

342. 

3.3 

.202 

T 

.297 

.704 

.690 

342. 

3.3 

4 

.200 

A 

.2903 

.688 

.668 

334. 

.200 

A 

.2882 

.682 

.662 

331. 

.202 

T 

.299 

.710 

.696 

345. 

3.8 

.202 

T 

.297 

.704 

.690 

342. 

2.8 

5 

.200 

A 

.2924 

.693 

.673 

337. 

.202 

T 

.297 

.704 

.690 

342. 

1.5 

.202 

T 

.297 

.704 

.690 

342. 

1.5 

6 

.200 

A 

.297 

.704 

.684 

342. 

.200 

A 

.297 

.704 

.684 

342. 

.202 

T 

.305 

.720 

.706 

349. 

2.0 

.202 

T 

.305 

.720 

.706 

349. 

2.0 

7 

.200 

A 

.295 

.700 

.680 

340. 

.202 

T 

.299 

.710 

.696 

345. 

1.5 

8 

.200 

A 

.2924 

.693 

.673 

337. 

.200 

A 

.2924 

.693 

.673 

337. 

.202 

T 

.299 

.710 

.696 

345. 

2.4 

.202 

T 

.299 

.710 

• 696 

345. 

2.4 

* 

A = ashed.  T = 

Final  volume  of 

trichloracetic  acid. 

colored  solution  was 

200  cc 

1 

Table  11  foont. ) 

Determination  of  sodium  in  blood 
sera. 


Blood 

taken 

l 

No.  cc.  ] 

Treat- 

ment 

Total 

sodium 

found, 

mgms. 

Sodium 

in 

blood, 

( tot al- 
blank) 

Sodium 

in 

blood, 
mgms.  °/o 

0 / 

/o 

diff 
A 8c  T 

00  0 

A 

.0044 

.005 

0 

T 

.0144 

.016 

9 .103 

A 

.2882 

.341 

.336 

326. 

.103 

A 

.2861 

.339 

.334 

324. 

.101 

T 

.299 

.355 

.339 

336. 

3.4 

.101 

T 

.301 

.357 

.341 

338. 

4.0 

10  .103 

A 

.2882 

.341 

.336 

326. 

.103 

A 

.2882 

.341 

.336 

326. 

.101 

T 

.301 

.357 

.341 

338. 

3.7 

.101 

T 

.301 

.357 

.341 

338. 

3.7 

11  .103 

A 

.2924 

.347 

.342 

332. 

.103 

A 

.2924 

.347 

.342 

332. 

.101 

T 

.305 

.363 

.347 

344. 

3.6 

.101 

T 

.305 

.363 

.347 

344. 

3.6 

12  .103 

A 

.295 

.350 

.345 

335. 

.103 

A 

.295 

.350 

.345 

335. 

.101 

T 

.305 

.363 

.347 

344. 

2.8 

13  .103 

A 

.2903 

.344 

.339 

329. 

.103 

A 

.2882 

.341 

.336 

326. 

.101 

T 

.297 

.352 

.336 

333. 

1.7 

.101 

T 

.297 

.352 

.336 

333. 

1.7 

000  0 

A 

.0166 

.019 

0 

T 

.0121 

.014 

14  .097 

A 

.2903 

.344 

.325 

335. 

.101 

T 

.299 

.355 

.341 

338. 

.9 

15  .097 

A 

.2903 

.344 

.325 

335. 

.097 

A 

.2903 

.344 

.325 

335. 

.101 

T 

.301 

.358 

.344 

341. 

1.8 

.101 

T 

.299 

.355 

.341 

338. 

.9 

* A asnea.  T r 

tri cnloracetic 

acid. 

»»  Pinal  volume  of  colored  solution  was  lOOcc. 


Table  12 


Determination  of  sodium  in 
urines 


No. 

Urine 

taken, 

cc. 

Treat- 
ment * 

L 

To  t al 
sodium 
found, 
mgms. 

Sodiu] 

in 

urine 

mgms. 

0 

0 

A 

.0044 

.005 

0 

T 

.0144 

.016 

1 

.103 

A 

.328 

.389 

.584 

.103 

A 

.332 

.394 

.389 

.101 

T 

.342 

.407 

.391 

.101 

T 

.342 

.407 

.391 

2 

.103 

A 

.409 

.493 

.488 

.103 

A 

.406 

.489 

.484 

.101 

T 

.426 

.514 

.498 

.101 

T 

.423 

.511 

.495 

3 

.101 

T 

.349 

.416 

.400 

4 

.101 

T 

.1565 

.180 

.164 

.101 

T 

.1565 

.180 

.164 

5 

.101 

T 

.1192 

.137 

.121 

.101 

T 

.1192 

.157 

.121 

6 

.101 

T 

.1805 

.208 

.192 

.101 

T 

.1821 

.210 

.194 

7 

.101 

T 

.1905 

.221 

.203 

.101 

T 

.1888 

.219 

.203 

8 

.101 

T 

.2007 

.233 

.217 

.101 

T 

.1973 

.230 

.214 

9 

.101 

T 

.1739 

.202 

.188 

.101 

T 

.1739 

.202 

.188 

10 

.101 

T 

.1805 

.208 

.192 

.101 

T 

.1821 

.210 

.194 

* As  ashed.  T r trichloracetic  acid. 


Sodium 

in 

urine, 
mgms.  % 


374 

378 

387 

387 

475 

471 

493 

490 

396 

162 

162 


120 

120 

190 

192 

203 

201 

213 

212 

186 

186 

190 

190 
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of  urine.  Excellent  agreement  was  found  between  duplicate  de- 
terminations on  both  trichloracetic  acid  filtrates  and  ashed 
samples,  but  the  determinations  on  trichloracetic  acid  fil- 
trates, performed  on  specimens  1 and  2 gave  results  about  4$ 
higher  than  those  on  ashed  samples.  This  discrepancy  does  not 
seem  explainable  on  the  basis  of  any  protein  present,  as  the 
precipitate  obtained  in  both  cases  was  negligible.  The  agree- 
ment of  duplicates  in  the  range  of  120  to  493  mgms.  $ of  sodium 
per  100  cc.  indicates  that  the  method  is  applicable  to  samples 
of  urine  with  sodium  concentrations  in  this  range. 

Two  samples  of  cerebrospinal  fluid  were  analyzed,  both 
by  ashed  samples  and  trichloracetic  acid  filtrates.  The  re- 
sults, tabulated  in  table  13,  likewise  show  higher  values 
(average  2.3$)  for  trichloracetic  acid  filtrates  than  for 
ashed  samples.  The  actual  values  are  comparable  with  those  of 
blood  sera. 

The  accuracy  of  the  method  as  applied  to  biological  fluids 
is  demonstrated  by  the  agreement  between  duplicate  samples 
treated  in  the  same  way.  As  an  absolute  check  on  the  accuracy, 

I 

known  amounts  of  sodium  chloride  were  carried  through  the  en- 
tire procedure,  including  ashing  and  preparing  the  filtrate. 
Sodium  was  recovered  from  ashed  samples  with  errors  of  -.3$ 
and  +.6$  from  trichloracetic  acid  filtrates  with  errors  of  0.0 
and  +”.6 jo  as  shown  in  table  14. 

Four  experiments  were  performed  in  which  known  amounts  of 
sodium  chloride  and  of  analyzed  blood  were  ashed  and  carried 
through  the  procedure.  Sodium  was  recovered  with  errors  of 
0.0,  t,3,  and  +* . 3$.  Resul t s are  s nown  in  table  14. II 
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Table  13 


Determination  of  sodium  in  cerebrospinal  fluids 


No. 

C * S . P • 

taken, 

cc. 

Treatment 

* L 

Total 
sodium 
found, 
mgms . 

Sodium 

in 

C.S.  P. 

mgms . 

(Total-bl ank) 

Sodium 

in 

G.  S. 

mgms 

% 

0 

0 

A 

.0044 

.005 

0 

A 

.0144 

.016 

1 

.103 

A 

.295 

.350 

.345 

335. 

.103 

A 

.295 

.350 

.345 

335. 

.101 

T 

.303 

.360 

.344 

341. 

.101 

T 

.303 

.360 

.344 

341. 

2 

.103 

A 

.2924 

.347 

.342 

332. 

.101 

T 

.303 

.360 

.344 

341. 

.101 

T 

.301 

.357 

.341 

338. 

■8- A « ashed.  trichloracetic  acid. 


• « 

• 

n l 1 

, ‘ r 

• 

• 

• 

• 

• 

. 

• 

* 

« 

• 

« 

• 

• 

• 

* 

• 

• • 

• 

« 

• 

• 

* 

• • 

♦ 

• 

• 

• 

• 

' - ■ "*  nr' 


Table  14 


Recovery  of  sodium  from  mixtures  of  analyzed 
blood  and  standard  sodium  chloride  solution 


Treat-  Sodium  taken, 
ment*  mgm. 

from  from 

NaCl  blood 


Volume  L 
final 
soln. , 
cc. 


Total  Sodium  from  % 


sodium 
found , 
mgm. 


NaCl~ 

total- 

blood- 

blank 


error 


A 

0 

0 

100 

.0044 

.005 

A 

.340 

0 

100 

.2903 

.344 

.339 

-.3 

A 

.340 

0 

100 

.2924 

.347 

.342 

+.6 

A 

0 

** 

100 

.2882 

.341 

. 336 ) from 

A 

0 

** 

100 

.2882 

.341 

.336) blood 

A 

.340 

.336 

200 

.2882 

.681- 

.340 

0 

A 

.340 

.336 

200 

.2882 

.681 

.340 

0 

A 

0 

** 

100 

.2924 

.347 

.342)  from 

A 

0 

** 

100 

.2924 

.347 

.34 2) blood 

A 

.340 

.342 

200 

.2903 

.688 

.341 

*.3 

A 

.340 

.342 

200 

.2903 

.688 

.341 

+.3 

T 

0 

0 

100 

.0144 

.016 

T 

.334 

0 

100 

.295 

.350 

.334 

0 

T 

.334 

0 

100 

.297 

.352 

.336 

+.6 

* 

A=  ashed. 

trichloracetic  acid 

• 

** 

Same  quantity  f. 

103  cc . ) 

of  blood 

taken 

here  as  added  in 

following  two  recovery  experiments. 


. 
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Summary 

1.  The  limitations  of  existing  methods  for  the  determination 
of  sodium  in  biological  fluids  have  been  discussed. 

2.  It  has  been  shown  that  the  Evelyn  colorimeter  does  not 
detect  differences  in  concentration  of  less  than  .6$. 

3.  The  color  developed  from  the  uranyl  ion  with  sulfosalicylic 
acid  and  sodium  acetate  has  been  studied.  The  conformity  of 
this  color  with  Beer's  law  has  been  studied,  and  the  color 
has  been  shown  to  be  reproducible  and  to  be  stable  with  re- 
spect to  temperature  and  time. 

4.  A new  method,  consisting  of  precipitation  of  uranyl  zinc 
sodium  acetate  from  alcoholic  solution,  removal  of  excess 
precipitant  by  washing  with  ethyl  acetate  in  acetic  acid  and 
with  ether,  removal  of  phosphate  as  uranyl  phosphate,  and 
photoelectric  measurement  of  the  color  developed  with  sulfo- 
salicylic acid  and  sodium  acetate,  has  been  developed  for 
the  determination  of  sodium  in  biological  fluids. 

5.  Recovery  of  sodium  from  known  amounts  of  sodium  chloride, 
both  in  simple  aqueous  solution  and  added  to  biological 
fluids, has  indicated  that  the  various  steps,  as  well  as  the 
assembled  procedure,  have  a maximum  error  of  less  than  1%, 


1 


Abstract 

A calculation  of  the  percentage  of  error  involved  in  the 
use  of  the  Zvelyn  photoelectric  colorimeter  has  she  ^ that 
since  the  percentage  of  light  transmitted  by  a colored  solution 
can  be  measured  to  within  one-  uarter  of  one  percent  and  since 
the  light  transmitted  is  a logarithmic  function  of  the  concen- 
tration of  absorbing  material,  the  error  5 n be  held  to  a 

..  .6  - • 7. . by  the  proper  choice  of  sizes  0:  . iples. 
fhis  accuracy,  together  i/ith.  the  saving  of  tine  effected  by 
pnoroeclectric  c lerimetry  as  compare  with  titrations  or 
weighings,  creates  a definite  demand  for  a photoelectric 
method  for  the  determination  of  sodium.  Since  the  normal 
variation  in  concentration  of  sodium  in  human  blood  serum 
ranges  only  four  percent  in  either  direction  from  the  mean  value 
a method  for  the  clinical  determination  of  sodium  must  have  an 
error  not  greater  than  one  percent. 

A revievy  of  the  literature  reveals  only  one  photoelectric 
method  for  the  determination  of  sodium,  fhis  method,  pub- 
lished by  Hoffman  and  sgood,  is  based  on  the  precipitation 
of  sodium  as  uranyl  zinc  sodium  acetate,  the  solution  of  the 
precipitate,  and  the  photoelectric  measurement  of  the  yellow 
color  of  the  uranyl  ion.  The  authors  found  that  the  color  is 
relatively  unstable  to  heat  and  to  acidity. 

Preliminary  experiments  on  the  colors  imparted  by  phenolic 


acids  to  uranyl  salts  showed  that  sulfosalicylic  acid,  a cmm- 
mon,  colorless,  very  soluble  reagent,  imparts  to  uranyl  salts 
an  orange  color  exhibiting  a narrow  absorption  band  f^bh 
maximum  absorption  at  455  millimicrons.  ’urther  investigation 
showed  that  the  color  can  be  intensified  by  the  addition  of 
sodium  acetate.  The  color  conforms  with  Beer’s  law  to  well 
within  one  percent  over  ranges  of  concentration  of  uranium 
of  ten  percent.  Over  a wide  range  of  concentration  the 
deviation  f~om  Beer's  law  is  apparently  directly  proportional 
to  the  concentration  of  uranium,  so  that  a calculation  of 
concentration  from  color  density  is  much  simplified.  The 
color  is  reproducible,  stable  over  a period  of  three  hours, 
and  is  not  markedly  affected  by  changes  of  temperature.  The 
color  is  somewhat  unstable  to  changes  of  acidity.  Careful 
standardization  of  the  color  reagents  eliminated  any  errors 
from  this  source. 

All  methods  so  far  proposed  for  the  washing  of  the  pre- 
cipitated uranyl  zinc  sodium  acetate  have  called  for  the  use 
of  li  uids  saturated  with  the  triple  salt.  Hoffman  and  Osgood 
showed  that  these  wash  reagents  are  objectionable  because  some 
of  the  triple  salt  is  precipitated  from  them  when  they  are 
brought  in  contact  with  uranyl  zinc  acetate.  The  use  of  the 
precipitation  method  of  V.’einbach  and  of  a new  wash  reagent 
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containing  ethyl  acetate  in  acetic  acid  eliminated  this  ex- 
cessive precipitation  and  afforded  Quantitative  recovery  at 
room  temperature  of  sodium  in  amounts  ranging  from  0.1k65  to 
0.534  milligrams. 

Since  uranyl  salts  precipitate  phosphate  as  an  extremely 
insoluble  uranyl  phosphate,  previous  workers  have  removed  phos- 
phate from  urines,  where  its  concentration  may  he  high,  before 
precipitating  the  sodium,  The  phosphate  content  of  blood  and 
cerebrospinal  fluid  is  insufficient  to  interfere  with  the  de- 
termination of  sodium.  In  the  analysis  of  urines  in  the 
present  study  phosphate  was  precipitated  along  with  the  sodium 
by  the  uranium,  and  was  carried  through  the  washing  process 
with  the  sodium  compound.  It  was  finally  removed  by  dissolving 
the  triple  salt  in  a measured  quantity  of  ’water,  centrifuging 
off  the  insoluble  uranyl  phosphate,  and  taking  an  aliquot  part 
of  the  clear  supernatant  fluid  for  completion  of  the  analysis. 
This  procedure  was  modified  from  that  of  Hoffman  and  Csgood. 
Determinations  of  sodium  in  solutf  ns  of  disodium  phosphate 
having  a concentration  of  phosphate  twice  that  encountered  in 
urine  indicated  that  this  procedure  gives  results  as  reliable 
as  those  given  by  procedures  in  which  phosphate  is  removed, 
provided  that  care  be  taken,  in  washing  the  precipitate,  to  re- 
move any  occluded  uranium. 

The  procedure  for  the  determination  of  sodium  is 
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as  follows:  the  sample  is  prepared  for  analysis  by  the  re- 
moval of  protein  either  by  wet  ashing  or  by  treatment  with 
trichloracetic  acid.  In  the  wet  ashing  process  of  Hoffman 
and  Osgood,  used  in  these  experiments,  0.1  cc.  of  the  material 
is  treated  in  a 15  cc.  conical  centrifuge  tube  of  heat-re- 
sistant glass  with  .2  cc.  of  6 N sulfric  acid  and  .1  cc.  of 
concentrated  nitric  acid  and,  after  evaporating  the  solution 
to  SO^fumes  before  each  addition,  6 drops  of  30$  added 

one  drop  at  a time.  After  the  final  addition  of  H2O2  the 
solution  is  evaporated  to  S03  fumes,  cooled,  and  diluted  with 
.9  cc.  of  water.  Trichloracetic  acid  filtrates  are  prepared 
by  mixing  1.0  cc.  of  biological  material  with  7.0  cc.  of 
water  and  2.0  cc.  of  20$  trichloracetic  acid.  After  standing 
for  10  minutes  the  solution  is  filtered  through  an  ashless 
filter  paper.  One  cubic  centimeter  of  the  filtrate  is  trans- 
ferred to  a 15  cc.  centrifuge  tube  for  analysis.  According  to 
the  method  used  above,  0.1  cc.  or  1.0  cc.  of  water  is  treated 
in  exactly  the  same  way  for  the  reagent  blank. 

The  precipitation  is  accomplished  by  adding  to  the  1 cc . 
sample  (equivalent  to  0.1  cc.  of  biological  material)  5 cc. 
of  Weinbach’s  uranyl  zinc  acetate  reagent  and  seven  0.3  cc. 
portions  of  95$  ethyl  alcohol.  The  additions  of  alcohol  are 
spread  over  one-half  hour  or  more,  and  the  alcohol  is  thorough- 
ly mixed  with  the  liquid  in  the  tube  after  the  first  five 
additions;  the  last  two  portions  of  alcohol  serve  to  wash 
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down  the  walls  of  the  tube.  The  tube  is  centrifuged  for 

10  minutes  at  2000  r.p.rn. , the  supernetant  fluid  decanted, 

and  the  tube  inverted  and  allowed  to  drain  for  5 minutes. 

The  precipitate  is  washed  hy  blowing  onto  it  about  2 cc.  of 

30  c/o  ethyl  acetate  in  acetic  acid.  After  agitating  the  pre- 
cipitate in  the  wash  liquid,  the  walls  of  the  tube  are  washed 

down  with  a small  portion  of  the  liquid.  The  tube  is  again 

centrifuged  for  10  minutes  and  drained  for  5 minutes,  lashing 

with  5 cc.  of  ether,  centrifuging  5 minutes,  and  draining 

1 minute  are  carried  out  twice.  The  tube  is  placed  upright 

in  a warm  place  for  5 minutes  to  remove  the  last  traces  of 

ether.  If  the  phosphate  content  of  the  original  material  is 

negligible,  the  precipitate  is  dissolved  in  water,  trans- 
ferred quantitatively  to  a 100  cc.  volumetric  flask,  diluted 

to  about  70  cc.  with  water,  mixed  with  4 cc.  each  of  5 fb 

sulfosalicylic  acid  and  of  10  c/o  sodium  acetate,  and  diluted 

to  the  mark.  Precipitates  from  phosphate-containing  fluids 

are  shaken  with  10  cc.  of  water,  which  dissolves  the  triple 

salt.  The  insoluble  uranyl  phosphate  is  centrifuged  off  and 

5 cc.  of  the  supernatant  fluid  is  transferred  to  a 50  cc. 

volumetric  flask,  treated  with  half  < uantities  of  the  color 

reagents,  and  diluted  to  the  mark.  A color  blank  is  prepared 

by  diluting  4 cc.  of  each  of  the  color  reagents  to  100  cc. 

with  water.  Portions  of  15  cc.  from  each  of  the  flasks  — 

biological  fluid,  reagent  blank,  and  color  blank  — are  trans- 
ferred to  Uvelyn  colorimeter  tubes  and  read  in  the  Uvelyn 

* 


photoelectric  colorimeter,  using  a blue  filter  showing  maxi- 
mum transmission  at  440  millimicrons.  The  galvanometer  is 
set  to  read  100  with  the  color  blank,  and  readings  are  taken 
on  the  other  tubes.  From  the  galvanometer  readings  the  color 
densities  of  the  tubes  are  calculated.  The  sodium  concentra- 
tion in  each  tube  is  calculated  from  the  experimentally  de- 
termined relationship  of  concentration  to  density.  Where  L 
is  the  "optical  density"  (2-log  G)  and  C is  the  concentration 
of  sodium  in  milligrams  per  100  cc.  of  colored  solution,  L/C= 
.848  in  the  ranges  encountered  in  the  analyses  of  blood.  By 
subtracting  the  concentration  of  sodium  in  the  reagent  blank 
from  that  in  the  sample  tube  and  dividing  by  the  volume  of 
biological  fluid  taken  for  analysis,  the  amount  of  sodium  in 
1 cc.  of  fluid  is  obtained. 

The  sodium  concentration  in  15  normal  human  blood  sera, 
determined  on  ashed  samples,  was  found  to  vary  between  324  and 
342  (average  334)  mgms.  per  lOOcc.  Values  obtained  on  tri- 
chloracetic acid  filtrates  averaged  2.3%  higher.  Concentra- 
tions observed  on  2 samples  of  cerebrospinal  fluid  were  com- 
parable to  those  observed  in  blood  sera.  Samples  of  ten  urines 
varied  in  sodium  content  between  162  and  493  milligrams  per 
100  cc. 

Analyses  of  known  amounts  of  sodium  chloride,  both  in 
simple  aqueous  solution  and  mixed  with  measured  amounts  of 
analyzed  blood  serum,  indicated  that  the  error  involved  in  the 
use  of  the  method  varies  from  -.3%  to  +.6%. 
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